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U. 

A  comprehensive  test  plan  is  presented  to  evaluate  the  impact  of 
wind  and  ice  loading  on  the  rotation  rate  stability  of  a  Secondary 
Surveillance  Radar  (SSR)  antenna  used  for  air  traffic  control  surveil¬ 
lance.  Antenna  rotation  rate  variations  may  introduce  errors  in  the 
estimate  of  a  position  of  an  intruding  aircraft  in  a  passive  collision 
avoidance  system  used  in  conjunction  with  the  SSR  antenna.  The  test 
plan  provides  a  method  for  determining  the  statistics  of  the  antenna 
rotation  rate  variations.  Analytical  methods  are  then  presented  to 
assess  the  affects  on  CAS  performance.  The  measurement  system  design, 
mathematical  model  development  of  the  antenna  system,  test  data  reduc¬ 
tion,  and  analysis  programs  are  presented  in  detail.  Sample  calcula¬ 
tions  of  preliminary  field  data  are  given  and  compared  with  the  results 
obtained  from  computer  simulations.  The  computer  simulations  are  also 
intended  to  predict  antenna  rotation  rate  variations  at  the  upper  limiti 
of  the  FAA  specified  range,  which  were  not  generally  encountered  during 
normal  operations. 
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PREFACE 

Airborne  collision  avoidance  systems  can  be  characterized  as 
being  active  or  passive  depending  upon  how  the  protected  aircraft 
obtains  surveillance  information.  The  active  CAS  utilizes  an  on¬ 
board  interrogator  capable  of  independent  surveillance  of  surround¬ 
ing  traffic.  The  passive  CAS  obtains  similar  surveillance  infor¬ 
mation  primarily  by  listening-in  to  the  ground  interrogations  and 
surrounding  aircraft  replies.  One  of  the  design  options  of  a 
passive  CAS  is  to  use  the  Secondary  Surveillance  Radar  (SSR)  an¬ 
tenna  rotation  position  as  azimuth  reference.  Such  information  is 
obtained  by  decoding  the  regularly  broadcasted  Discrete  Address 
Beacon  System  (DABS)  (Mode  S)  squitter  messages  from  the  ground- 
based  Radar  Beacon  Transmitter  (RBS)  located  at  the  same  SSR  site. 
The  antenna  rotation  rate  constancy  between  the  uplink  squitter 
messages  becomes  a  critical  parameter  in  deriving  the  position  of 
an  intruder.  This  test  plan  is  intended  to  determine,  by  measure¬ 
ments  and  analysis,  the  impact  of  such  antenna  rotation  rate  var¬ 
iations. 

A  high  precision  measurement  system  was  developed  to  evaluate 
the  SSR  antennas  rotation  rate  stability  under  environmental  con¬ 
ditions  encountered  at  a  test  site.  For  the  extreme  environmental 
conditions,  a  mathematical  model  was  also  developed  to  extrapolate 
its  performance.  Measurement  system  design,  software,  a  mathemat¬ 
ical  model,  and  data  analysis  programs  were  developed  at  TSC,  by 
the  staff  of  the  Telecommunication  Branch  (DTS-S31).  Support  was 
provided  for  test  system  software  design,  by  Martindale  Associates, 
Inc.,  Reading,  MA,  especially  by  Maurice  C.  Devine. 

Preparation  of  the  test  plan  required  efforts  of  many  individ¬ 
uals  and  organizations.  Particular  recognition  goes  to  John  L. 
Brennan,  ARD-243  for  coordination  of  tasks  and  specifying  require¬ 
ments  and  George  Mahnken,  ATC-154  for  arranging  the  test  site,  in¬ 
stallation  of  test  equipment,  and  conducting  the  tests.  The  contri¬ 
bution  of  following  TSC  personnel  are  hereby  greatfully  acknowledged 
Dr.  Kanti  Prasad  for  mathematical  model  development  and  the  initial 
design  of  the  test  equipment;  and  William  Wade  and  Robert  Jones 
for  design,  development  and  checking-out  of  the  system;  Juris 
Raudseps  for  specifying  output  data  formats;  and  Marsha  D.  O'Connell 
for  developing  mathematical  algorithms  for  the  data  analysis  pro¬ 
grams. 
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1.'  INTRODUCTION  AND  BACKGROUND 


1.1  INTRODUCTION  . _ _ 

■  •  •  “  L  * 

The  BAA,  under  the  Air  Traffic  Control  Radar  Beacon  System 
(ATCPBS)  improvement  program,  has  requested  the  TSC  (1)  to  present 
a  plan  to  investigate  the  impact  of  wind  loading  on  the  rotational 
stability  of  the  Secondary  Surveillance  Radar(SSR)  antenna  mounted 
on  the  ASR-7  or  8  pedestal,  and  (2)  to  assess  the  impact  on  the 
passive  BCAS  operation.  This  plan  gives  the  sequence  of  tests  to  be 
performed  at  the  test  sites,  the  analysis  and  computer  simulation 
to  be  carried  out  using  field  data  and  mathematical  models,  and  to 
make  appropriate  conclusions. 


This  test  plan  specifies  the  measurements  to  be  performed 
and  the  analysis  to  be  conducted  in  order  to  determine  the  varia¬ 
tions  that  may  occur  in  the  Secondary  Surveillance  Radar  (SSR) 
antenna  rotation  rate  under  different  environmental  conditions 
and  to  evaluate  the  effect  of  those  variations  on  Full  Beacon 
Collision  Avoidance  System  (BCAS)  operation.  Alternatives  will 
be  proposed  if  the  current  design  is  found  to  be  inadequate.  The 
FAA  specifications  for  the  antenna  rotation  rate  of  the  Airport  Sur¬ 
veillance  Radar  (ASR) (to  which  the  SSR  antenna  is  rigidly  attached) 
is  12.5  rpm  ±10  percent  over  the  range  of  service  conditions, 
which  include  wind  velocities  up  to  85  knots  and  a  1/2  inch  radial 
icing  conditions.  Analyses  conducted  by  the  Institute  for  Defense 
Analyses  (IDA)*  have  indicated  that  such  variations  may  lead  to 
unacceptably  large  errors  in  calculated  relative  target  position 
for  the  Full  BCAS. 

The  passive  and  semiactive  modes  of  Full  BCAS  calculations 
of  position  for  ground  radar  sites  and  aircraft  requires  a  know¬ 
ledge  of  aircraft  azimuth  relative  to  the  SSR  sites.  The  deter- 
.mination  of  azimuth  is  based  on  measurements  of  time  of  receipt 

^■Report  No.  FAA-RD-79-18 ,  A  Review  and  Analysis  of  the  FAA  BCAS 
Concept,  Irvin  W.  Kay,  June  1979,  Page  35. 
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of  the  ground  squitter  messages  and  of  the  time  when  the  rotating 
interrogation  beam  passes  the  aircraft. 

Approximately  once  per  second  the  Radar  Based  Transponder 
(RBX)  at  an  SSR  site  emits  a  squitter  message  giving  the  current 
direction  of  the  SSR  antenna  main  beam.  The  BCAS  determines 
the  time  of  passage  of  the  SSR  main  beam  past  the  own  aircraft 
by  estimating  the  centroid  of  the  sequence  of  approximately  16 
ATCRBS  interrogation  pulse  pairs  which  it  receives  while  in  the 
beam. 

The  bearing  of  the  BCAS  from  the  SSR  (own  azimuth)  can  be 
calculated  by  adding  the  antenna  angle  (at  the  time  of  the 
squitter  message)  to  the  change  in  antenna  angle  between  the  time 
of  the  squitter  and  the  time  the  main  beam  passes  the  BCAS.  If 
the  antenna  is  assumed  to  rotate  at  a  constant  rate,  the  change 
in  antenna  angle  is  assumed  to  rotate  at  a  constant  rate,  the 
change  in  antenna  angle  is  the  observed  time  interval  multiplied 
by  the  rotation  rate. 

Similar  calculations  can  be  performed  to  determine  the  bear¬ 
ing  of  a  target  from  the  SSR  (target  azimuth)  and  the  differential 
azimuth.  The  time  of  passage  of  the  antenna  main  beam  past  the 
target  is  estimated  from  the  centroid  of  the  sequence  of  elicited 
target  transponder  replies.  The  angle  calculations  again  depend 
upon  an  assumption  of  a  constant  rotation  rate. 

Even  when  the  period  of  a  complete  antenna  revolution 
remains  constant,  wind  loads  on  the  antenna  may  cause  significant 
accelerations  and  decelerations  within  each  revolution  giving 
instantaneous  rotation  rates  substantially  different  from  the 
average  rate.  Figure  1  illustrates  the  error  that  may  result  in 
the  computed  position  of  a  target  relative  to  BCAS  if  the  rotation 
rate  deviates  10  percent  from  its  average  value  while  the  antenna 
rotates  through  a  differential  azimuth  angle  of  approximately  40°. 
The  maximum  possible  separation  in  angle  between  BCAS  and  a  target 
is  <  90°  for  a  1-second  squitter  rate  and  at  a  15-rpm  antenna 
rotation  rate. 
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FIGURE  1.  SINGLE  SITE  STATIC  SOLUTION  WITH  RBX 


F 
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The  tests  and  analyses  specified  herein  will  determine  what 
deviations  of  antenna  rotation  rate  from  the  nominal  will  occur 
under  different  environmental  conditions,  and  will  calculate  the 
extent  to  which  these  deviations  will  degrade  BCAS  target  track¬ 
ing  accuracy. 

1 . 2  BACKGROUND 

2  3 

During  ATCRBS  improvement  studies  in  1973,  ’  some  analyses 
were  performed  to  predict  antenna  performance  for  dynamic  opera¬ 
tion  and  for  antenna  survival. 

Some  analytical  data  are  available  which  may  be  applicable 
to  this  current  problem.  Illustrative  samples  of  these  data  are 
given  in  Figures  2  and  3.  A  sample  plot  of  antenna  speed  vs.  wind 
angle-of-incidence  for  an  85-knot  wind  and  icing  conditions  is 
shown  in  Figure  2,  and  yawing  moment  as  a  function  of  wind  angle- 
of-incidence  alone  is  shown  in  Figure  3. 

From  the  analysis,  it  is  concluded  that  the  dynamic  yaw 
moment  can  change  the  antenna  rotation  speed,  and  since  the 
antenna  drive  motor  is  vital  in  maintaining  a  constant  antenna 
rotation  rate,  the  motor  should  be  studied.  Induction  motors  are 
used.  From  the  manufacturer's  test  data  of  the  torque-speed 
characteristics,  it  is  possible  to  predict  acceptable  performance 
limits  and  to  specify  modifications  for  improvements,  provided 
that  the  other  system  and  environmental  factors  are  also  known. 
Typical  torque-speed  plots  for  the  5-hp  motor  presently  used  for 
ATCRBS  antenna  drives  are  shown  in  Figure  4  and  for  comparison 
a  curve  for  a  30 -hp  motor  is  shown  in  Figure  5. 

Under  a  Texas  instruments  in-house  effort,4  a  one  fourth 
scale  SSR  antenna  model  was  constructed  and  tested  in  a  wind 

Preliminary  Draft  of  Report  10991,  Phase  I,  ATCRBS  Antenna 
Modification  Kit,  Section  IV,  Hazeltine  Company. 

3Draft  Report,  ATCRBS  Phase  I  Engineering  Report,  July  25,  1973, 
by  Texas  Instruments. 

4 

Armand  J.  Mailet,  AF230,  Private  Communications. 
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REFLECTOR  SPEED  (REV.  PER  MIN.) (0.25  RPM  PER  DIV.) 


DRIVE  MOTOR  5  HP 

FIGURE  2.  REFLECTOR  SPEED  VS  WIND  ANGLE  OF  INCIDENCE 
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DYNAMIC  YAWING  MOMENT  (K  FT. -LBS. ) (2000  FT. -LBS.  PER  DIV.) 


FIGURE  3.  CALCULATED  DYNAMIC  YAW  MOMENT  VS  WIND 
ANGLE  OF  INCIDENCE 
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FIGURE  4.  5 -HP  MOTOR  TORQUE  CHARACTERISTICS 
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tunnel.  Two  field  tests  were  alsc  conducted.  The  results  of  a 
field  test  conducted  by  the  FAA  Technical  Center5 over  a  limited 
range  of  environmental  conditions,  are  shown  in  Figure  6.  The 
results  of  the  second,  a  large  military  antenna,  do  indicate  the 
effects  of  wind  and  have  some  bearing  on  the  current  problem.  See 
Figure  7  .  Nevertheless,  there  are  no  known  data  from  dynamic 
field  tests  which  would  be  useful  for  (Full  BCAS  program)  answer¬ 
ing  the  SSR  rotation  constancy  question  satisfactorily. 


George  J.  Hartranft,  ANA-120,  Memo-Wind  Speed  Affects  on  ACP 
Count  at  NAFEC  ASR-7  Site,  January  14,  IS,  16,  1976. 
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FIGURE  6.  FAATC  SSR  MEASURED  DATA 


Static  yawing  moment,  60  knot  wind 

Rotating  yawing  moment,  60  knot ■ ,  12-5  rev/min 


FIGURE  7.  YAWING  MOMENT  FORCES  FOR  THE  S  264  ANTENNA 


2.  TEST  OBJECTIVES 


2.1  DETERMINE  CAPABILITY  OF  SSR  ANTENNA  ROTATION  RATE  STABILITY 

WITH  THE  FULL  BCAS  DESIGN  REQUIREMENT. 

1.  To  perform  SSR  antenna  rotation  rate  measurements  in  the 
field  for  a  wide  range  of  environmental  conditions  in 
order  to  determine  the  range  of  conditions  over  which 
rotational  stability  under  the  Full  BCAS  concept  is 
acceptable. 

2.  To  assess  performance  degradation  of  Full  BCAS  outside 
this  range  of  conditions. 


2.2  IDENTIFY  ANTENNA  ROTATION  STABILIZATION  ALTERNATIVES,  IF 
REQUIRED 

Conduct  data  reduction  and  analysis  of  the  field  data  and 
compare  these  data  with  analytical  data  and  with  parametric 
simulation,xesults •  Assess  whether  or  not  current  performance 
is  adequate  for  Full  BCAS  utilization.  If  not,  then  evaluate 
improvements  by  analysis  and  simulation  using  various  alternative 
approaches  and  identify  more  promising  ones  for  field  evaluation. 


3.  SCOPE 


3.1  SCOPE  OF  THE  TASKS 

The  thrust  of  this  effort  lies  in  obtaining  useful  field 
measurements  of  antenna  rotation  speed,  supplemented  by  analyses 
and  simulation,  for  the  range  of  environmental  conditions 
specified  by  the  FAA.  The  final  recommendations  will  be  based 
on  these  results.  With  the  foregoing  in  mind,  the  program  will 
consist  of  the  following  elements,  which  are  of  equal  importance. 

1.  Field  measurements  at  operational  sites, 

2.  Analysis, 

3.  Simulation, 

4.  Evaluation  of  alternatives  by  analysis  and  simulation 
and  identification  of  alternatives  for  field  evaluation. 

3.1.1  Requirements  for  Field  Measurements 

3. 1.1.1  Types  of  SSR  and  ASR  Antennas  -  The  present  antenna  for 
ATCRBS  sites  is  the  ATCRBS  five- foot  open  array  antenna.  Type  FA- 
9764,  colocated  with  the  ASR  or  ARSR  antenna.  "Colocated"  means 
that  the  beacon  antenna  is  mounted  on  the  same  pedestal  as  the 
primary  antenna.  This  setup,  although  very  convenient  for  ATCRBS 
antenna  installation,  is  of  some  concern  in  the  implementation  of 
the  Full  BCAS  concept  because  of  the  much  larger  projected  area 
of  the  antenna  which  is  exposed  to  the  wind  loads  and  icing 
conditions.  The  Open  Array  antenna  has  replaced  the  Hog  Trough 
antennas  which  was  specified  by  FAA  for  the  Terminal  and  En  Route 
sites.  Under  the  ATCRBS  improvement  program,  the  DABS  systems  is 
being  developed.  It  is  currently  proposed  that  DABS  sites  will 
have  two  types  of  antenna  installations,  either  the  Open  Array, 
FAA-E-2660,  or  the  Back-to-Back,  FAA-ER-240-35a,  antenna.  The 
Open  Array  Antenna  mounted  on  top  of  an  ASR- 7  antenna  is  shown 

in  Figure  8. 
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FIGURE  8.  INSTALLATION  OF  ATCRBS  ANTENNA  ON  ASR-7  STRUCTURE 


With  the  Open  Array  antenna  installation,  the  antenna  rota¬ 
tion  speed  may  be  affected  even  more  by  wind  than  before,  because 
the  projected  area  for  the  Open  Array  is  S  ft  x  28  ft,  and  the 
antenna  has  to  maintain  the  same  rotational  speed  of  up  to  15  rpm 

Only  the  SSR  Open  Array  antenna  will  be  tested  beginning 
with  the  Open  Array,  FAA-E-2660,  installed  at  the  FAA  Technical 
Center  Terminal  Radar  Beacon  Test  Facility  (TRBTF)  site,  Atlantic 
City,  N.J. 

3.2  DATA  COLLECTION 

3.2.1  Selection  of  Test  Sites 

To  obtain  as  many  field  measurements  as  possible  during 
extreme  environmental  changes,  a  variety  of  climates  at  the 
selected  sites  is  required.  Test  areas  other  than  Federal  Avia¬ 
tion  Administration  Technical  Center,  Atlantic  City,  NJ  are  being 
considered,  including  remote  sites,  such  as,  sites  in  Alaska 
or  Greenland  or  windy  ,  desert  areas  in  California.  The  Full 
BCAS  concept  is  based  on  the  reception  of  both  ATCRBS  and  DABS 
signals.  Although  ATCRBS  and  DABS  sites  have  some  distinct  dif¬ 
ferences,  test  results  are  to  be  compatible.  / 

It  is  worthwhile  to  notice  that  all  en  route  ARSR  antennas 
are  protected  by  radomes,  and  it  is  assumed  for  our  purposes  that 
the  drag  torque,  inertia-induced  torque,  and  the  off-center 
torque  will  have  a  minimal  effect  on  the  dynamic  yaw  moment  and 
therefore  will  not  require  any  testing. 

3.2.2  Test  Planning 

Major  items  facing  the  planning  of  the  study  of  the  SSR 
antenna  rotation  rate  constancy  are  the  progress  of  the  Full 
BCAS  design  definition  and  the  engineering  model  development 
tasks.  Timely  inputs  at  various  phases  during  these  developments 
are  anticipated  at  the  early  stages  in  the  program.  More  com¬ 
prehensive  results  are  expected  by  May  1,  1982  when  the  First 
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Phase  Report  is  to  be  released  which  will  summarize  the  test 
results,  the  impact  assessments  on  Full  BCAS  performance,  and 
identify  the  problem  areas.  A  detailed  schedule  of  the  tests  to 
be  performed  and  test  options  are  given  in  Section  8.0  of  this 
test  plan. 

3.3  ANALYSIS 

Analyses  will  include  the  derivation  of  results  from  the 
field  measurements,  analysis  of  mathematical  models,  design  of 
algorithms,  and  computer  simulation. 

3.3.1  Mathematical  Analysis 

Total  dynamic  yaw  moment  may  produce  non-uniform  SSR  rotation 
of  the  antenna  when  it  is  subjected  to  environmental  changes. 

All  components  o  the  total  yaw  moment  under  dynamic  conditions 
contribute  in  varying  degrees.  A  colocated  ASR-8  antenna  and 
SSR  antenna  simulation  model  is  shown  in  Figure  9  .  It  consists 
of  three  major  subassemblies 

Induction  Motor, 

Gear  Train,  and 

ASR-8/SSR  Antennas. 


FIGURE  9 . ASR-8/SSR  ANTENNA  SYSTEM  SIMULATION  MODEL 


The  5-hp  induction  motor  rotates  the  ASR-8  and  SSR  antennas 
at  IS  rpm  under  all  weather  conditions.  A  typical  ASR-8  site 
installation  will  have  two  induction  motors ,  however  the  test 
site  selected  at  TRBTF  site  has  only  one  5-hp  induction  motor 
and,  therefore  this  site  represents  a  typical  ASR-7  site. 

3. 3. 1.1  Induction  Motor  Equivalent  Circuit 

As  equivalent  circuit  of  the  induction  motor  is  shown  in 
Figure  10  . 


FIGURE  10.  EQUIVALENT  CIRCUIT  OF  THE  INDUCTION  MOTOR 


Using  mathematical  expressions  and  substituting  the  given 
motor  parameters,  the  following  equation  of  flOtoion  c-»rj  be  derived 
for  the  electromagnetic  torque  to  be  generated  for  the  system. 


EMM 


'M 


d29 

dt 


M  +  »  d®M  +  T 

r  +  it  +  tsa 


TgMM  *  Electromagnetic  motor  torque 


Jjj  »  Viscous  damping 

Tsa  *  shaft  torque  applied  to  antenna  *  J0  +  T^ 


Jg  *  Antenna  Torque 


TWD 


+  Yaw  torque  due  to  wind  variation 
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3 . 3 . 1 . 2  Gear  Train 

The  gear  train  reduces  the  speed  of  the  drive  shaft  of  the 
antenna  by  an  1800:15  ratio,  where 

9  ■  9M/n 

5  ■  eM/n 

9  ’  9M/n 

TSA  '  n/,TSM 
«  - 

and  8,  9,  and  0  represent  the  displacement  angle,  angular  veloc¬ 
ity,  and  angular  acceleration  for  the  antenna  and  0^,  0M,  and  0M 
represent  same  parameters  for  the  motor,  TgA  and  TgM  are  the 
torque  for  antenna  and  the  motor  respectively,  and  n  is  the  gear 
ratio. 

The  other  components  of  the  yaw  torque  are, 

1.  Wind  velocity  induced  torque, 

Mu  *  fd  T  '  ?  !cosSl 

2 

Fq  is  the  dynamic  drag  force,  Fp  •  l/2p  v  CpHW 

p  is  the  density  of  air 
v  is  stream  velocity 

Cp  is  the  drag  coefficient,  which  varies  with  icing 
conditions 

H  and  W  are  height  and  width  of  the  antenna 
u>  is  the  reflector  rotation  rate 

2.  Offset  induced  torque,  MQ  ■  Fpb  sin(cosB) 
b  ■  1.5  feet 

3.  Inertia  induced  torque,  Mj  ■  1^  (Au>) ,  (ft-lbs). 

IM  is  the  mass  moment  of  inertia 
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SSR  ANTENNA 

SYSTEM  SIMULATION  MODEL 
(FAA  TECH  CENTER  ASR-8  MODEL) 


FIGURE  11.  SSR  ANTENNA  SYSTEM  SIMULATION  MODEL  (FAA  TECH  CENTER  ASR-8  MODEL) 


100  ft- lbs  for  ASR 


4.  Friction  torque,  * 

2  VT 

5.  "Fanning"  torque,  Mp  -  2p  C^oj  ^  H 

6.  Feedhorn  induced  torque,  *£a  CA  x  d)  sing  (ft -lbs) 
q  «  1/2  p  v2  CD 

vg  net  wind  velocity  on  the  effective  area  of  the  feed- 
horn 

d  is  distance  to  feedhorn 
A  is  effective  area  at  distance  d 
Then  the  total  dynamic  yaw  is: 

MYAW  *  MW  +  Mo  +  MI  +  Mf  +  MF  +  MH 

■  temm 

Figure  11  is  a  mathematical  model  developed  for  the  ASR- 8/ 
SSR  antenna  system  to  be  used  in  analysis.  All  parameters  for 
this  study  are  the  actual  values  at  the  test  site.  The  wind- 
induced  torque  with  ice  or  heavy  rain  conditions  is  the  most 
significant  one  for  this  study.  A  typical  graph  showing  the 
relative  contribution  of  each  torque  is  given  in  Figure  12  .  It 
is  desirable  to  test  antenna  rotation  speed  at  15  rpm  and  at  wind 
speeds  of  85  knots.  Estimates  predict  that  the  peak  torque  in 
winds  of  30  knots  is  about  50  percent  of  the  peak  wind  torque  in 
winds  of  85  knots.  Parametric  studies  may  be  performed  for  esti¬ 
mating  drag  coefficients  to  match  field  test  results. 

Performance  obtained  from  the  field  operational  measurements 
will  not  be  adequate  to  define  the  cause  of  the  problem  for  two 
reasons:  (1)  probably  not  all  limiting  environmental  cases  can 

be  obtained  from  a  few  selected  sites,  and  (2)  speed  variation  is 
due  to  the  composite  effect  of  numerous  factors  which  may  not  be 
identifiable  from  the  data  collected  in  the  field.  To  overcome 
this  limitation,  mathematical  analysis  and  simulation  will  be  used 
to  enhance  field  measurements. 
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3.3.2  Simulation 

Parametric  evaluation  and  trade-off  studies  will  be  made 
using  computer  simulations  to  synthesize  the  total  dynamic  yaw 
moment  and  its  effects  on  the  antenna  rotation  rate.  To  achieve 
this,  the  equation  of  motion  must  be  developed  so  as  to  include 
dynamics  of  the  drive  motor,  gear  train,  and  antenna,  which  are 
subject  to  the  wind  and  other  torque  effects.  From  the  parametric 
study,  the  significance  of  the  wind  component,  backlash,  and 
inertia  will  be  determined.  Proposed  design  modifications  will 
be  introduced  and  simulate  operation  of  the  modified  system. 

A  typical  simulation  result  is  shown  in  Figure  13A.  It  may 
be  compared  with  the  actual  data  measured  in  the  field.  Figure  13B. 
Nonlinearities  were  omitted  in  this  simulation,  which  shows  poor 
agreement  with  the  measurements  except  for  the  amplitudes  of  the 
yaw  moment,  which  agree  satisfactorily. 

3.3.3  Preliminary  Data  Analysis 

A  rate  of  change  of  SSR  antenna  rotation  as  computed  from 
the  mathematical  model  is  shown  in  Figure  14,  15,  16,  and  17. 
Preliminary  analysis  is  used  to  compare  derived  data  with  measured 
data  at  a  wind  velocity  of  15  mph. 

The  results  are  as  follows. 

Wind  velocity  15  mph  --  15  rpm  is  reduced  by  2.91,  computed 

for  70°  change  in  antenna 
pointing  direction. 

15  rpm  is  reduced  by  0.71,  measured 
for  45®  change  in  antenna 
pointing  direction. 

SSR  antenna  rotation  rate  changes  predicted  at  higher  wind  vel¬ 
ocities  using  the  same  mathematical  model  are  as  follows, 

30  mph  -  will  produce  3.3%  reduction  in  rotation  rate 

97,8  mph  (85  knots)  -  will  produce  22.21  reduction  in 

rotation  rate. 

There  are  no  data  to  verify  these  predictions. 
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COMPUTED  COMPONENT  YAW  MOMENT  VS  WIND  ANGLE  OF  INCIDENCE 
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FIGURE  13A  CALCULATED  YAW  MOMENT  VS  WIND  ANGLE 


3 


INITIAL  CONDITION  TETArO  DTETA/D1 
V ( M/HOUR ) =  15.0  PSI ( DEC)=  0.0 


INITIAL  CONDITION  TETA=0  DTETA/DT 
V ( M/HOUR ) =  97.8  PSI(OEC)=  0.0 


A  corresponding  variation  also  occurs  in  the  Yaw  Moment  and 
is  shown  in  Figures  18  and  19 . 


3.4  IDENTIFICATION  OF  ALTERNATIVE  DESIGNS 

From  the  analysis,  collected  field  data,  and  simulation 
results,  the  most  promising  alternative  designs  will  be  evaluated 
by  parametric  studies  and  identified  for  additional  evaluation 
in  the  field 
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4.  TECHNICAL  APPROACH 


4.1  DEFINITION  OF  TASKS 

The  basic  approach  used  to  determine  if  the  SSR  antenna 
rotation  rate  is  stable  enough  to  support  EULL  BCAS  operation, 
will  be  the  analysis  of  the  measurements  collected  in  the  field 
and  of  the  mathematical  model  of  the  antenna  system.  If  it 
is  not  stable  enough  then  approaches  for  improving  the  rotation 
rate  stability  will  be  identified.  The  total  effort  will  consist 
of  two  parts. 

1.  Perform  field  measurements  at  selected  sites  by 
collecting  SSR  antenna  rotation  measurements  under 
different  service  conditions. 

2.  Analyze  the  collected  data,  identify  service  conditions 
for  which  Full  BCAS  performance  would  be  acceptable,  and 
predict  performance  degradation  outside  those  limits. 
Perform  analysis  and  simulation  studies  for  the  whole 
range  of  service  conditions  as  specified  by  FAA.  Then 
on  the  basis  of  these  analyses,  the  measured  data,  and 
the  simulation,  identify  alternatives  which  will  meet 
requirements  over  the  full  range  of  operational  condi¬ 
tions.  Using  mathematical  models  and  computer  simulation, 
perform  parametric  studies  of  the  alternative  designs. 

Under  the  proposed  measurement  method,  antenna  rotation  rate 
variations  will  be  measured  between  the  two  pulses  of  each 
Azimuth  Change  Pulse  (ACP)  pair  (4096ACP  pulses  per  revolution) 
and  will  be  compared  with  wind  characteristics  measured  at  the 
same  time  and  sampled  at  54  ACP  pulse  intervals. 

All  analysis  is  being  performed  at  TSC,  using  a  DEC-10 
computer.  Data  reduction  software  and  mathematical  models  and 
algorithms  to  conduct  simulation  analysis  are  also  being  developed 
at  TSC.  (For  R§D  computer  programs  see  Appendix  B.) 
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4.2  MEASUREMENT  TECHNIQUE  (Figure  20) 

The  azimuth  change  pulses  (ACP's)  and  azimuth  reference  pulses 
(ARPJs)  are  received  from  the  SSR's  antenna  system  [Antenna- 
Azimuth-Range-Timing  Unit  (AARTU)]  as  shown  in  the  Test  System 
Block  Diagram,  Figure  21.  Intervals  between  successive  ACP's  will 
be  measured  by  counting  clock  pulses  from  the  1  MHz  system  clock. 
These  counts,  together  with  antenna  position  data,  will  be  recorded 
on  magnetic  tape.  Concurrently,  wind  speed  and  direction  will  be 
measured.  The  data  will  be  written  on  magnetic  tape  in  logical 
records  of  64  bytes  each;  32  logical  records  of  2048  bytes  written 
by  the  Kennedy  recorder  on  9-track  standard  magnetic  tape  at  a 
density  of  1600  bpi. 

4.3  INPUT  SIGNALS 

Azimuth  Change  Pulses  (ACP's)  originating  in  the  Antenna- 
Range-Timing  -Unit  (AARTU)  (Figure  21)  already  processed  by  the 
Azimuth  Pulse  Generator  (APG)  Shaper  Assembly  (Figure  22)  and 
accessed  through  a  BNC  connector  at  the  antenna  sight  are  fed 
into  the  SSR  Antenna  Computer  Assembly  at  a  rate  of  4096  ACP  pulses 
per  revolution.  A  counter  counts  the  number  of  clock  pulses  from 
an  internal  1  MHz  clock  between  successive  ACP's  and  the  total 
count,  modulo  256,  is  entered  into  the  computer  on  an  interrupt 
basis  as  an  8-bit  number  (see  Figure  23). 

Azimuth  Reference  Pulses  (ARP's)  are  generated  like  the  ACP's, 
except  at  a  much  lower  rate  -  one  pulse  for  every  4096  ACP  counts. 
The  ARP  pulses  are  made  to  coincide  with  one  of  the  ACP  pulses 
and  provide  information  on  antenna  zero  crossings  thus  indicating 
the  completion  of  a  full  revolution. 

Weather  Data  Wind  speed  and  direction  data  are  received 
serially  on  two  independent  channels  and  are  entered  into  the 
computer  under  interrupt  control. 
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FIGURE  20.  MEASUREMENT  TECHNIQUE 


FIGURE  21.  ATCRBS  PROCESSOR  FUNCTIONAL  BLOCK  DIAGRAM 


FIGURE  22.  AZIMUTH  PULSE  GENERATOR  (APG)  BLOCK  DIAGRAM 


FIGIIPB  23.  SIMPLIFIED  BLOCK  DIAGRAM 


4.4  OUTPUT  DATA 


The  output  will  consist  of  clock  pulse  counts  (approximately 
1000,  given  modulo  256)  between  each  pulse  of  an  ACP  pair  and  of 
formatted  wind  data  written  on  a  magnetic  tape.  The  magnetic  tape 
recorder  will  be  able  to  collect  7  hours  of  test  data  on  a  10.5 
inch  (2400  feet)  reel  of  tape  in  standard  9-channel  format  at  1600 
bpi. 


4.5  RECORDED  DATA  FORMATS 

The  logical  record  (see  Figure  24)  will  contain,  in  order: 

The  record  sequence  number  (binary,  2  bytes). 

Wind  direction  in  degrees  from  magnetic  north,  given  as  three 
decimal  digits,  expressed  in  binary,  one  per  byte. 

Wind  speed  in  statute  miles  per  hour  given  as  three  decimal 
digits  expressed  in  binary,  one  per  byte. 

Antenna  direction,  given  as  a  count  of  ACP  pulses  since  the 
last  ARP  pulse  (binary  number  in  two  bytes). 

Fifty-four  (54)  consecutive  bytes,  each  giving  the  clock  count 
between  a  pair  of  successive  ACP  pulses.  The  clock  count  is 
given  modulo  256  as  an  8 -bit  binary  number.  If  n  is  the  count 
of  ACP  pulses  since  the  last  ARP  pulse,  then  the  first  clock 
count  will  be  the  interval  between  the  n-th  and  n+lst  ACP 
pulse,  the  next  for  the  interval  between  n+lst  and  n+2nd, 
etc.  The  ACP  pulse  coincidence  with  the  ARP  pulse  is  con¬ 
sidered  to  be  numbered  zero. 


Byte  # 

Content 

1 

consecutive  logical  record  #,  byte  1 

2 

consecutive  logical  record  #,  byte  2 

3 

wind  direction,  100's  of  degrees 

4 

wind  direction,  10 *s  of  degrees 

S 

wind  direction,  degrees 

6 

wind  speed,  100's  of  mph 

7 

wind  speed,  10* s  of  mph 

8 

wind  speed,  mph 

9 

ACP  count  since  last  ARP,  byte  1 

10 

ACP  count  since  last  ARP,  byte  2 

11 

clock  period  count 

12 

t 

r 

♦ 

f 

clock  period  count 

f 

» 

f 

i 

64 

clock  period  count 

FIGURE  24.  LOGICAL  RECORD  STRUCTURE  ON  DATA  TAPE 


5.  DESCRIPTION  OF  THE  TEST 


5.1  -UNIT  UNDER  TEST 

Figure  2 S  shows  the  SSR  site  under  test  with  an  Open 
Array  colocated  with  the  primary  radar  (ASR-8)  antennas.  The  test 
site  selected  is  the  FAA  Technical  Center's  Terminal  Radar  Beacon 
Test  Facility  (TRBTF)  site.  Of  the  two  S -hp  induction  motors  used 
in  the  system,  (a  typical  ASR-8  site  installation),  only  one  motor 
is  being  used  at  the  TRBTF  site  for  driving  the  antennas.  Therefore, 
this  site  represents  a  typical  ASR-7  site  installation,  which  is 
of  primary  interest  for  this  study. 

5.2  TEST  EQUIPMENT 

The  SSR  antenna  rotation  rate  measurement  test  equipment 
assembly  is  shown  in  Figure  26 .  The  assembly  consists  of  the 
following  units: 

1.  Anemometer,  VA-320  with  digitized  output  and  140-foot  RF 
cable;  mounted  on  the  pole  close  to  the  Open  Array  under 
test . 

2.  Kennedy  digital  tape  recorder,  Model  9100-3,  with 
accessories  -  rack  mounted 

3.  SSR  Antenna  Test  Computer  Assembly  -  rack  mounted 

INTEL  SBC-905  Board  -  rack  mounted 

INTEL  SBC-80/20  Board  -  rack  mounted 

INTEL  SBC-116  Board  -  rack  mounted 

A  simplified  block  diagram  of  the  test  set-up  was  shown  in 
Figure  23  which  als<"  shows  the  hardware  and  software  interfaces  and 
data  extraction. 

5.3  SSR  TEST  COMPUTER  ASSEMBLY 

The  Computer  Assembly  for  the  SSR  test  consists  of  three  INTEL 
Single  Board  Computer  Assemblies  modified  to  process  input  signals 
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FIGURE  26 


and  the  sampled  output  data.  An  Input  Data  Counter  Schematic  in 
Figure  27  shows  interconnections  of  INTEL  SBC-90S  and  INTEL 
SBC-80/20,  as  well  as  all  input  and  output  signals  of  ACP,  ARP 
and  wind  velocity  and  wind  direction  signals. 


5.3.1  INTEL  SBC-905 ,  Input  Data  Counter 

The  SBC-905  consists  of  two  major  circuits,  the  Azimuth  Change 
Pulse  (ACP)  logic  and  the  Azimuth  Reference  Pulse  (ARP)  logic. 

ACP  Logic.  The  ACP  pulse  (BNC  on  Front  Panel)  is  connected 
to  a  74C14  (Ul)  on  pin  #1.  The  74C14  (u-1)  is  a  high- impedance , 
input -inverting  amplifier  used  to  isolate  the  input  from  the 
radar  system  during  power  shut-down.  Since  the  74C14  is  an  in¬ 
verting  amplifier  its  output  pin,  #2,  is  connected  to  a  74LS04 
(U2A)  inverting  amplifier  on  pin  #1  which  makes  the  ACP  pulse 
positive  logic  and  TTL  compatible.  The  output  is  pin  #2  which  is 
connected  to  a  74S74  (U3A)  pin  #3,  which  is  an  Edge-Triggered  Flip- 
Flop.  This  Flip-Flop  is  so  configured  that  the  Preset  and  Clear 
are  tied  through  lQk-ohm  resistors  to  the  5 -volt  power.  The  TJ 
output  is  tied  to  the  D  input  so  as  to  have  complementary  Q  and 
$  outputs. 

The  Q  output,  pin  #5,  is  connected  to  pin  #1  of  a  7408A, 
which  is  a  2 -input  positive  AND  gate.  The  other  input  to  this  AND 
gate,  pin  #2,  is  connected  to  a  1  MHz  signal  source. 

1  MHz  Signal  Source.  The  1  MHz  signal  is  derived  from  a  4  MHz 
crystal  oscillator.  The  4  MHz  crystal  oscillator  is  a  standard 
configuration  for  an  oscillator  using  a  7404  (U9).  The  output  pin 
#6  is  connected  to  pin  #1  of  a  7493  (U10) ,  which  is  a  4-bit  binary 
counter,  configured  to  be  a  "divide-by-4"  counter.  The  output 
pin  #8  is  connected  to  pins  #2  and  5  of  U4. 

The  output  pin  #3  of  the  U4A  is  the  ACP  pulse  with  the  1  MHz 
signal  superimposed  on  the  peak.  This  signal  is  connected  to  pin 
#14  of  "Counter  A,"  consisting  of  two-74793's  (4-bit  binary 
counters)  so  configured  as  to  create  an  8-bit  counter,  US  and  U6. 
This  is  done  by  connecting  pin  #11  of  U5  to  pin  #14  of  U6. 


FIGURE  27.  INPUT  DATA  COUNTER  SCHEMATIC 


Pin  #12,  the  output,  is  connected  to  pin  #1  to  create  a  4-bit 
ripple-through  counter.  The  same  configuration  applies  to  U6, 
which  completes  the  8-bit  counter. 

The  resetting  of  Counter  A  is  done  by  connecting,  F-l,  pin 
#22  (bit  #1,  Port  C,  8255  #1)  of  the  SBC-80/20  CP4  board  to 
1-D(74C14)  pin  #9.  Its  output  pin,  #8,  is  connected  to  U2-D 
(74LS04)  pin  #9  and  its  output  pin,  #8,  is  connected  to  pins 
#2  and  3  of  U5  and  pins  #2  and  3  of  U6. 

The  use  of  Ul-D,  U2-D,  which  are  inverting  amplifiers,  are  for 
buffering  the  8255  #1  (C-MOS)  to  the  U-5,  U-6  (TTL)  counters. 

The  $  output  pin,  #6,  of  U-3  is  connected  to  pin  #4  of  U-4, 
which  is  a  2 -input  positive  AND  gate,  the  other  input  to  this  AND 
gate,  pin  #5,  is  connected  to  a  1  MHz  signal  source  at  pin  #2. 

The  output  pin,  #6,  is  connected  to  pin  #14,  of  U-7,  Counter 
B.  Counter  B  is  configured  the  same  as  Counter  A.  The  reset  for 
Counter  B  is  derived  from  the  SBC-80/20,  J1  pin  #24,  (Part  C, 

Bit- <p  of  the  82SS  #1).  This  in  turn  is  connected  to  U-1E;  pin  #11, 
(C74C14) .  Its  output  pin,  #10,  is  connected  to  U-2E  pin  #11, 
(C74L504)  and  its  output  pin,  #10,  is  connected  to  pins  #2  and  3 
of  U-7  and  pins  #2  and  3  of  U-8. 

The  use  of  U-1E,  U-2E,  which  are  inverting  amplifiers,  are  for 
buffering  the  8255  #1  (C-MOS)  to  the  U-7,  U-8  (TTL  Counters). 

ARP  Logic.  The  ARP  pulse  (BNC  connector  on  Front  Panel)  is 
connected  to  U-1B,  pin  #3  (74C14)  which  is  a  high  impedance, input 
inverting  amplifier  used  to  isolate  the  input  from  che  radar  sys¬ 
tems  during  power  shut-down. 

The  output,  pin  #4. of  U-1B  is  connected  to  U-2B,  pin  #3, 
(74LS04)  an  inverting  amplifier  which  makes  the  ARP  pulse  positive 
logic  and  TTL  compatible.  The  output,  pin,  #4,  is  connected  to 
U-11D,  pin  #9,  an  inverting  amplifier,  to  create  a  negative  logic 
pulse  output. 

U-11D,  output  pin  #8,  is  connected  to  U-3B,  pin  #10.  U-3B  is 
a  D-type, Edge-Triggered  Flip-Flop,  and  its'  pins  #11  (C  input)  and 
#12  (D  input)  are  tied  Low  (Ground) .  Pin  #10  is  the  preset  input 
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and  pin  #13  is  connected  through  a  lQk-ohm  resistor  to  High  05V) 
Pin  #13  is  also  connected  to  the  output,  pin  #6,  of  U-2C  which  is 
a  reset  pulse  from  tne  SBC-80/20  board,  C82S5  #1,  Part  C,  J-l  pin 
#20.  It  is  then  connected  to  U-1C  a  74C14  pin  #5.  The  output  of 
U-1C,  pin  #6  is  connected  to  U-2C  pin  #5,  74LS04.  U-1C  and  U-2C, 
are  used  as  buffers  for  the  SBC-80/20,  8255  #1  (C-MOS). 

The  output  of  U-3B,  pin  #9,  is  connected  to  the  SBC-80/20 
board,  J-l,  pin  #34,  which  is  in  the  Port  A,  (bit  7)  of  the  825S 
#2,  (Test  pin  #11) . 

The  output  of  U-3A,  pin  #5  is  connected  to  the  SBC-80/20 
board,  J-l  pin  #2,  which  is  the  Port  B  (bit  7)  at  the  8255  #2, 

(Test  point  #13) . 

U-ll,  a  74LS04,  is  used  as  an  inverting  amplifier-buffer  for 
the  digital  output  of  the  anemometer  wind  speed  which  is  C-MOS. 

The  significant  digit  of  wind  speed  (C$)  is  connected  to  U-11A 
at  pin  #1.  The  output  of  U-11A  is  pin  #2  which  is  connected  to  a 
U-12,  432  (2-input  positive-OR  gate)  at  pin  #1  (1A).  The  next 
significant  digit.  Cl,  is  connected  to  a U -11B  at  pin  #3.  The  out¬ 
put  of  (J-11B,  pin  #4,  is  connected  to  pin  #2  of  the  U-12  (IB) 
which  creates  an  output  .at  pin  #3  (1Y) .  (Positive  Logic: 

Y  -  A  +  B) .  Pin  #3  of  U-12(1Y)  is  connected  to  pin  #4  (2A)  of 
U-12.  The  least  significant  digit,  C2,  is  connected  to  U-11C  at 
pin  #5.  The  output  of  U-11C,  pin  #6,  is  connected  to  #9  of  the 
U-12(3A).  Pin  #10(3B)  is  connected  to  ground,  this  creates  an  out¬ 
put  at  U-12(3Y)  pin  #8.  Pin  #8  of  U-12(3Y)  is  connected  to  U-12 
(2B)  pin  #5  to  create  an  output  at  U-12(2Y)  pin  #6.  Pin  #6  is 
connected  to  connector,  P-1,  pin  #42  (interrupt  Routine  #1),  which 
is  connected  to,  P-1,  pin  #42,  of  the  SBC-80/20  board. 

The  most  significant  digit  of  wind  direction  (CO)  is  connected 
to  U-13  (2-input  positive-OR  gate)  at  pin  #1,  digit  of  wind 
direction  (Cl)  is  connected  to  U-13  #2  (IB)  which  creates  an  output 
at  pin  #3(1Y).  Pin  #3  of  U-13  is  connected  to  pin  #4(2A)  of  U-13. 
The  least  significant  digit  of  wind  direction  is  (C2)  connected 
to  U-13  pin  #9 (3A) .  Pin  #10  of  -13  is  connected  to  ground.  This 
creates  an  output  at  U-13  pin  #8(3Y).  Pin  #8  is  connected  to  U-13 
pin  #5(2B),  this  creates  an  output  at  U-13  pin  #6(2Y). 
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U-13  pin  #6  (interrupt  Routine  #2)  is  connected  to  J-l  at 
pin  #39.  J-l  pin  #39  is  connected  to  J-l  pin  #39  of  SBC-80/20 
board. 


Power  Sut 


The  power  supply  and  the  wiring  diagram  are  shown  in 
Figure  28. 


FIGURE  28.  POWER  WIRING  DIAGRAM 
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Test  Points 

The  following  test  points  are  located  at  socket  U-14,  at 
pin  #: 

TP1  +  TP16  -  +5.0  V ,  (Vcc) 

TP8  ♦  TP9  -  Ground 

TP2  •  Reset  Counter  B  (U7f  Q8)  see  waveform  # 

TP3  ■  Reset  Counter  A  0J5,  U$)  see  waveform  # 

TP4  ■  Reset  ARP  (U3B)  see  waveform  # 

TPS  ■  Output  of  Counter  A  (U5B)  see  waveform  # 

TP6  ■  Output  of  Counter  B  (U7B)  see  waveform  # 

TP7  «  - 

TP10  «  1  MHz  Clock  (U2F)  see  waveform  # 

TP11  ■  SARP  see  waveform  # 

TP12  »  BACP  see  waveform  # 

TP13  ■  Gate  see  waveform  # 

TP-14  ■  ARP  see  waveform  # 

TP-15  «  ACP  see  waveform  # 
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SBC  80/20,  MICROPROCESSOR,  I/O  ASSIGNMENTS 


SBC  .80/20  board:  I/O  Assignments  See  Figures  29  tc  34 

8255  #1  (port  adr  0E4H)  PORT  A: 

INPUTS 

DO-D7  is  counter  A  DO-D7 

(port  adr  OE5H)  PORT  B:  (INPUTS) 

DO-D7  is  counter  B  DO-D7 

(port  adr  OE6H)  Port  C: 

bO«Counter  A  reset  pulse;  1  *  reset 
bl«Counter  B  reset  pulse,  1  ■  reset 
b2«x-floop- 
b3«x 

b4-  main  loop  test  flag 
b5-  ACPINT  test  flag 
b6«  SPINT  test  flag 
b7-  DRINT  test  flag 

8255  #2  (port  adr  OE8H)  Port  A:  (Wind  speed  inputs) 

b0-b3  is  4  bit  BCD,  bO«LSB 
b4*  CO  pulse,  speed, 1*TRUE 
bS«  Cl  pulse,  speed, l»True 
b6«  C2  pulse,  speed, l«true 
b7*  ARP  input, 1» ARP 

(Port  OE9H)  Port  B:  (Wind  direction,  inputs) 

b0-b3  is  4  bit  BCD,bO-LSB 
b4»  CO  pulse,  direction,  1-True 

b5«  Cl  pulse,  direction,  1-True 

b6«  C2  pulse,  direction,  l»True 

b7»  Counter  B  RSAD*1 

(Port  OEAH)  Port  C:  (Status  inputs) 

8259  INPUTS: 

IRO-Positive-going  ACP  pulse,  not  divided 
lRl-Speed  C0,C1,C2,  OR'ed,  positive  pulse 
lR2-Direction  C0,C1,C2  OR'ed,  positive  pulse 

IR#-IR7  should  be  disabled  (grounded) 
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FIGURE  29.  SBC  80/20  SCHEMATIC  DIAGRAM,  SHEET  1 


FIGURE  30.  SBC  80/20  SCHEMATIC  DIAGRAM,  SHEET  2 


FIGURE  31.  SBC  80/20  SCHEMATIC  DIAGRAM,  SHEET 


FIGURE  32  SBC  80/20  SCHEMATIC  DIAGRAM,  SHEET  4 


FIGURE  33.  SBC  80/20  SCHEMATIC  DIAGRAM,  SHEET  5 


FIGURE  34.  SBC  80/20  SCHEMATIC  DIAGRAM,  SHEET  6 


Jumper  Wire 

List  for  SBC-80/20 

Board 

Location 

Pin  #  to 

Pin  # 

A20 

SI 

52 

A21 

70 

71 

AS 

1,2 

3 

AS 

4,5 

6 

A5 

12,13 

11 

AS 

9,10 

8 

A6 

1,2 

3 

A6 

4,5 

6 

.  A6 

12,13 

11 

A6 

9,10 

8 

All 

1,2 

3 

All 

4,5 

6 

All 

12,13 

11 

All 

9,10 

8 

A12 

1,2 

3 

A12 

4,5 

6 

A12 

12,13 

11 

A12 

9,10 

8 

A19 

27,28,29,30 

31  (GND 

A19 

43 

24 

A19 

44 

25 

A19 

45 

26 
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Interconnection  Wiring 
SBC-905  to  SBC-80/20 


SBC-905 

Connector 

Pin  # 

SBC-80/2» 

Connector 

Pin 

PCC-1 

2 

J-l 

2 

PCC-1 

4 

J-l 

4 

PCC-1 

6 

J-l 

6 

PCC-1 

8 

J-l 

8 

PCC-1 

10. 

J-l 

10 

PCC-1 

12 

J-l 

12 

PCC-1 

14 

J-l 

14 

PCC-1 

16 

J-l 

16 

PCC-1 

20 

J-l 

20 

PCC-1 

22 

J-l 

22 

PCC-1 

24 

J-l 

24 

PCC-1 

34 

J-l 

34 

PCC-1 

36 

J-l 

36 

PCC-1 

38 

J-l 

38 

PCC-1 

40 

J-l 

40 

PCC-1 

42 

J-l 

42 

PCC-1 

44 

J-l 

44 

PCC-1 

46 

J-l 

46 

PCC-1 

48 

J-l 

48 
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Interconnection  Wiring 
Anemometer  to  SBC-905  and  SBC-80/20 


Rear  Panel  SBC-905 


Anemometer  DB-25 

Pin  # 

UX-1 

Pin  # 

PI 

1 

UX-1 

1 

PI 

2 

UX-1 

2 

PI 

3 

UX-1 

3 

PI 

4 

UX-1 

4 

PI 

5 

UX-1 

5 

PI 

6 

UX-1 

6 

PI 

7 

PI 

8 

SBC-80/20 

J-2  Pin  # 

PI 

9 

J-2 

48 

PI 

10 

J-2 

46 

PI 

11 

J-2 

44 

PI 

12 

J-2 

42 

PI 

13 

J-2 

16 

PI 

14 

J-2 

14 

PI 

15  (GND) 

J-2 

12 

J-2 

10 

SBC-905  UX-1 

Pin  * 

GND 

UX-1 

16 

UX-1 

15 

SBC-80/20 

J-2  Pin  # 

UX-1 

14 

J-2 

40 

UX-1 

13 

J-2 

38 

UX-1 

12 

J-2 

36 

UX-1 

11 

J-2 

8 

J-2 

6 

J-2 

4 

S- 19 


SBC-905 

Pin 

SBC-905 

# 

to  SBC-80/20 
SBC-80/20 

Pin  # 

P-2 

1 

10 

J-2 

34 

P-2 

2 

9 

J-2 

2 

SBC-905 

Pin 

# 

SBC-80/20 

Pin  # 

P-1 

41 

P-1 

41 

P-1 

42 

P-1 

42 

P-1 

39 

P-1 

39 

S- 20 
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Interconnection  Wiring 


Front  Panel  SBC-90S 

ACP  -  J-l  (Center  Pin)  UX-1 

ARP  -  J-l  (Center  Pin)  UX-1 

ACP  +  ARP  -  J-l's  (shell,  GND.)  UX-1 


Terminal  Connector 
DB-25  Pin  # 


SBC-80/20 

J3 


r 

t 


Interconnection  Wiring 


Anemometer  Terminal 

Board  to 

DB-25 

Pin 

Speed  C0  (MSD 

to 

DB-25 

1 

Speed  Cl  (NSD) 

to 

DB-25 

2 

Speed  C2  (LSD) 

to 

DB-25 

3 

Direction  CJ8 .  (MSD) 

to 

DB-25 

4 

Direction  Cl  (NSD) 

to 

DB-25 

5 

Direction  C2  (LSD) 

to 

DB-2  5 

6 

Speed  8 

to 

DB-25 

7 

Speed  4 

to 

DB-25 

8 

Speed  2 

to 

DB-2  5 

9 

Speed  1 

to 

DB-25 

10 

Direction  8 

to 

DB-25 

11 

Direction  4 

to 

DB-25 

12 

Direction  2 

to 

DB-25 

13 

Direction  1 

to 

DB-25 

14 

Ground 

to 

DB-25 

15 

SBC  116.  OUTPUT  DATA  INTERFACE 


Interface  Wiring  SBC-116  to  Kennedy,  Model  9217B  Buffer  Formatter 


SBC-116  (See  Figures  35  to40) 


From  Connector  # ,  Pin  # 

To  DB-25F  To 

DB-25M 

Kennedy , 
Connector 
§  Pin  * 

Jl-16  Bit  0  (Form  ENA) 

1 

1 

Pl-18 

Jl-14  Bit  1 (Write  SEL) 

2 

2 

Pl-S 

Jl-24  Bit  0  (Write  Data 

3 

3 

Pl-6 

Strobe) 

Jl-22  Bit  1  (Off  Line) 

4 

4 

P3-8 

Jl-20  Bit  2  (Init) 

5 

5 

P2-4 

Jl-18  Bit  *3  (Rew) 

6 

6 

Pl-9 

Jl-26  Bit  4  (EOF) 

7 

7 

PI  -8 

Jl-28  Bit  5  (EOR) 

8 

8 

Pl-7 

J2-34  Bit  7  (On  Line) 

9 

9 

P3-4 

J2-36  Bit  6  (EOT) 

10 

10 

Pl-3 

J2-42  Bit  3  (WR  RDY) 

11 

11 

Pl-11 

J2-44  Bit  2  (Load  Pt.) 

12 

12 

Pl-2 

J2-46  Bit  1  (MEM  Busy) 

13 

13 

PI  -4 

J2-48  Bit  0  (FMTR  Busy) 

14 

14 

P3-18 

J 2-16  Bit  0  (Data  Bit  0) 

15 

15 

Pl-10 

J2-14  Bit  1  (Data  Bit  1) 

16 

16 

Pl-11 

J2-12  Bit  2  (Data  Bit  2) 

17 

17 

PI  -12 

J2-10  Bit  3  (Data  Bit  3) 

18 

18 

Pl-13 

J2-8  Bit  4  (Data  Bit  4) 

19 

19 

Pl-14 

J2-6  Bit  5  (Data  Bit  5) 

20 

20 

Pl-15 

J2-4  Bit  6  (Data  Bit  6) 

21 

21 

Pl-16 

J2-2  Bit  7  (Data  Bit  7) 

22 

22 

Pl-17 

Pin  #  23,  24,  25  are  ground  connections 

A  jumper  wire  is  connected  from  Pin  *53  to  Pin  *54 

5-23 
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FIGURE  35.  SBC  116  SCHEMATIC  DIAGRAM,  SHEET 


FIGURE  36.  SBC  116  SCHEMATIC  DIAGRAM r  SHEET 
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FIGURE  37.  SBC  116  SCHEMATIC  DIAGRAM,  SHEET  3 


FIGURE  38.  SBC  116  SCHEMATIC  DIAGRAM,  SHEET  4 


FIGURE  39.  SBC  116  SCHEMATIC  DIAGRAM,  SHEET 


FIGURE  40.  SBC  116  SCHEMATIC  DIAGRAM,  SHEET  6 


S .4  COMPUTER  FLOW  CHARTS 


FIGURE  41.  INITIALIZATION  ROUTINE 
FIGURE  42.  A CP  COUNT  AND  ROUTING  INTERRUPT  ROUTINE 
FIGURE  43.  A CP  COUNT  LOADING  AND  RECORD  COUNT  ROUTINE 
FIGURE  44.  WIND  SPEED  AND  WIND  DIRECTION  ROUTINES 
FIGURE  45.  DATA  RECORD  INTERRUPT  ROUTINE 
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FI GUM  42.  ACP  COUNT  AND  ROUTING  INTERRUPT  ROUTINE 

S-  32 


4 

I 


OVERLAYS  GO  HERE 
TO  LINK  TESTING  ROUTINES 


DATA  TO  RECORDER 


SET  WRITE  STROBE 


CLEAR  WRITE  STROBE 


FIGURE  45 .  DATA  RECORD  INTERRUPT  ROUTINE 


S- 35/36 
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6.  DATA  COLLECTION  PLAN 


6.1  APPROACH 

The  data  collection  flow  diagram  is  shown  in  Figure  46.  The 
data  format  consists  of  64  byte  logical  record  containing  the 
clock  counts  for  each  two-pulse  spacing  of  54  ACP  pulses  (given 
modulo  256)  and  3-digit  direct  recording  of  wind  velocity  and 
direction  samples  stored  in  two, 1028-bit  buffers  each  and  recorded 
on  a  10.5  inch  (2400  feet)  reel  of  magnetic  tape  in  standard 
9-channel  format  at  1600  bpi  with  a  capability  of  collecting  7 
hours  of  test  data. 

Mathematical  methods  have  been  developed  to  derive  statistics 
from  the  collected  data  at  the  sites  and  then  applied  to  make 
inferences  about  these  sites. 

Collection  of  data  is  intended  at  different  sites  and  over 
a  wide  range  of  environmental  conditions  as  found  at  the  sites 
enumerated  earlier.  The  details  of  data  collection  plan  presented 
in  Section  8  of  this  test  plan. 
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7.  OATA  ANALYSIS  PLAN 


7.1  PRECISION  OF  RECORDED  DATA 

Antenna  Azimuth  Angle.  By  using  a  0.99985  MKz  counter, 
precision  in  measuring  the  time  between  the  two  pulses  of  an  ACP 
pair  may  be  assured  as  follows; 

A0°precision  *  40 95  (ACP',"sT-x"~T9,0'CCP )  *  ®*87  X  10  degrees 
Wind  Velocity.  Speed  constant  for  the  VA-320  Anemometer  is: 
Speed  Constant  *  6  mm. 

Using  sampling  rate  of  52  milliseconds  it  is  possible  to  sense 
wind  changes  of 

T  ■  I  ’  x  ijV.PSJ  '  4  £t/sel:-  °r  2'3  mi/hr- 

Accuracy  of  wind  speed  measurement  is  ±  2%  full  scale 
Accuracy  of  wind  direction  measurement  ±  4°  at  4.5  mph 

±  2°  above  9  mph 

7.2  SAMPLED  DATA  STATISTICS:  MEAN,  VARIANCE,  AND  STANDARD 
DEVIATION 

7.2.1  Mean,  Variance,  and  Standard  Deviation 

A  direct  measurement  of  the  clock  counts  (n)  is  recorded  in 
each  pulse-pair  interval  and  a  variation  in  the  n^  among  consecu¬ 
tive  ACP's  is  interpreted  as  variation  in  the  antenna  rotation 
speed  within  the  revolution.  It  is  assumed  that  there  are  no 
angular  variations  between  the  ACP  pulse  intervals.  A  single 
complete  revolution  is  indicated  by  an  ARP  pulse  always  following 
4096  equally  positioned  ACP  pulses.  Wind  loading  affects  the 
actual  time  to  reach  next  ACP  pulse  position  but  not  the  angular 
increment  (0.088°)  which  is  fixed  within  360°  of  azimuth. 
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For  the  sample  calculations  of  the  sample  mean  and  variance 
used  in  the  data  analysis  shown  in  Figure  47  and  48.  It  is  the  data 
sampled  in  one  logical  record  consisting  of  54  consecutive  ACP's 
and  in  addition  wind  velocity  and  direction  information.  The 
sample  mean  is  defined  as 

■  i  54 

ms  ■  ST  &  ”i 


where 

n^  ■  the  remainder  in  the  counter  after  3  x  256  overflow 
(modulo  256) . 

A  mean  of  one  revolution  is  computed  by  averaging  the  sample 
means  of  75  logical  records. 


Variations  of  the  samples  are  derived  by  squaring  the  dif¬ 
ference  between  two  means,  i.e.,  a  mean  of  a  single  logical 
record  minus  the  mean  for  that  revolution  as  computed  from  the 
sample  taken  from  the  same  revolution.  . 


Standard  deviation  as  defined  here  is, 


7.2.2  Sliding  Window  Sum  Total  Variations  (Histogram) 

A  plot  of  additive  sums  (  a  sliding  window)  sliding  forward 
to  complete  one  revolution  is  shown  in  Figure  49,  where  75 
logical  records  approximate  one  full  antenna  revolution.  From 
these  data  a  possible  error  in  azimuth  estimate  based  on  an 
earlier  squitter  reading  may  be  derived.  The  error  estimate  is 
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FIGURE  47.  MEASURED  DATA  STATISTICS-  MEAN 
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based  on  the  difference  between  the  two  clock  count  sums  converted 
into  degrees,  thus  representing  a  difference  in  azimuth  between 
two  readings 


0.088°  x  AN 

— m — 


where , 

AN  •  difference  between  two  sums  in  comparison. 

7.3  A  CUMULATIVE  SUM  COMPARISON  WITH  THE  NOMINAL 

A  computer  plot  of  a  cumulative  sum  for  one  completed  revolu- 
tion  is  plotted  in  Figure  50 .  Adding  of  these  pulses  begins  with 
an  ARP  pulse  time.  A  straight  line, constant  slope  projection  is 
used  for  comparing  actual  measured  data  with  ideal  conditions. 

For  deriving  the  total  sum,  the  clock  counts  between  each  of 
4096  ACP  pulses  are  added  increasingly  as  follows, 

K 


where , 

n.  *  clock  count  between  two  adjacent  ACPs  in  a  partially 
1  filled  register  based  on  modulo  3. 


7.4  SAMPLE  STATISTICS:  INFERENCES 

Field  test  data  will  be  analyzed  to  make  inferences  about 
the  SSR  antenna  rotation  rate  stability.  Significance  levels  will 
be  determined  between  various  test  sites  based  on  wind  and  icing 
characteristics  over  the  seasons. 

7 . 5  CORRELATION  OF  DATA  DERIVED  FROM  A  MATHEMATICAL  MODEL  WITH 
DATA  MEASURED  IN  THE  FIELD 

Analytical  data  will  be  compared  with  the  data  collected  at 
the  radar  site,  and  extrapolated  for  the  service  ranges  where 
such  data  may  not  be  obtainable  in  the  field.  Critical  parameters 
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FIGURE  50.  CUMULATIVE  MEASURED  VS  NOMINAL  CLOCK  PULSE  SUMMATION 


of  the  system  will  be  set  and  used  in  the  parametric  studies  to 
arrive  at  satisfactory  fixes  for  the  service  ranges  outside  of 
which  the  Full  BCAS  performance  is  not  acceptable. 


I 


7-8 


8.  SCHEDULES 


A  detailed  test  schedule  is  presented  in  Figure  51.  Two  major 
factors  will  determine  the  route  to  be  taken  as  testing  progresses. 
These  factors  are  the  preliminary  analysis  of  the  data  collected 
at  the  FAA  Technical  Center  and  the  TSC  in-house  computer  simula¬ 
tion  results.  A  decision  will  be  made  to  either  continue  with 
the  testing  at  the  Technical  Center  or  to  move  the  equipment  to 
one  or  more  other  sites. 


The  principal  activities  are  as  follows: 


1. 

Test  Plan 

Draft  - 

November 

1980 

Final  - 

September  1981 

2. 

Equipment :  Hardware  and 

Software  Development  and 

Debugging 

March 

1981 

3. 

Equipment  Installed,  Debugged 
and  Operating  at  the  FAA 
Technical  Center 

April 

1981 

4. 

Tests  Continue  at  FAA 

Technical  Center 

December 

1981 

Optional 

February 

1983 

5. 

Decision  on  Testing  at 

Multiple  Sites 

November 

1981 

6. 

Defining  the  Problem 

January 

1982 

7. 

Reports 

Interim: 

February 

1982 

First 

June 

1982 

Final 

April 

1983 

The  major  purpose  in  going  to  alternative  sites  is  to  be 
able  to  collect  wind  data  for  the  whole  operational  range  speci 
fied  by  the  FAA.  By  extending  tests  at  a  single  site,  possibly 
for  each  season,  significant  variations  in  the  environmental 
conditions  may  be  encountered.  This  would  allow  reliable 
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ANTENNA  ROTATION  RATE  STUDY  SCHEDULE 


r 


conclusions  as  to  the  acceptable  operational  range  for  that 
site.  Also,  environmental  characteristics  for  individual  sites 
may  have  some  unique  differences. 


I 

I 
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APPENDIX  A 

ORGANIZATIONAL  RESPONSIBILITIES 


Organizational  responsibilities  for  the  SSR  Antenna  Rotation 
Stability  Studies  program  are  divided  among  ARD-240,  TSC,  and  the 
FAA  Technical  Center,  as  shown  in  the  following  chart. 


ARD-240 ,  as  the  sponsoring  organization,  has  overall  management 
responsibility  and  direct  responsibility  for  the  following 
specific  details: 

1.  Obtaining  access  to  the  district  sites 

2.  Selecting  and  approving  the  test  sites 

TSC,  DTS-531,  has  primary  responsibility  for  the  technical  success 
of  the  programs  with  the  following  specific  details: 

1.  Designing,  building,  and  debugging  one  set  of  test  hard¬ 
ware  and  software. 

2.  Designing  algorithms  and  software  for  data  reduction  and 
analyses . 

3.  Designing  mathematical  models  and  performing  parameter 
tTade-offs  using  analysis  and  computer  simulation. 
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4.  Selecting  alternatives  for  improvement. 

5.  Preparing  draft  interim  data  report  and  final  report. 

FAA  Technical  Center,  has  coordination  responsibility  with  District 
sites,  ARD,  and  TSC.  Detailed  tasks  are: 

1.  Supporting  installation  at  the  TRBTF  site  and  running 
the  tests. 

2.  Coordination  and  scheduling  of  tests  at  other  sites,  if 
required. 

3.  Responsibility  for  supplying  test  equipment  to  the  sites 
and  interfacing  with  the  site  operational  technical 
personnel. 

4.  Collecting  and  delivering  field  data  to  TSC  for 
analysis . 
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APPENDIX  B 

SIMULATION  SOFTWARE  FOR  SOLVING  SSR  ANTENNA 
SYSTEM  MODEL 


HUNT  RESULTS  QM  DATA  FILE* 'KAMI. DAT 


A»8<S1N<U<1>-P8I>> 


fWIMT  KCMJLTS  Wr  MTA  riLe-'KMtTVMT'-  - 


f(ttCCCCCC993>)))»>))) 


SsIeSiSls 


Iasi 


t  «  X 

*521  i  AZt\ 


ino»o  om«m ♦ 
l  n*nn  o  *  po  t» 


Scam ®  m  •  •««(■« 

HMM  N  MM  to* 

BOQQQ QBQQQQ 


'  si  J  88855885858  '  is  I  3L 

^  g!  ssssssssssb  :  3S  !  J|«! 

8j  2SS2S22SSSS  2J  !  =;! 

s-§  :j  ****&**&:*»&  isp  si 

=?*  h  iiiiiiiiiiil  !i§  *J 

i  !  i  i  !  :  li  i  !  !  i  ! 


r  ► 

I  8 


i  e 

5  !5 

B  & 

w  f  n 

R  1  R 


gii  *° 
y  **-j  i  -  •* 

•JM  1  •  • 


F  !s  F  5 

2  U  B  ,  l 

?  ?  x  i  j 

*?r  I*e«  3*1 

s-sr^a:.  sKfai 


1.  5! 
ii.  wi 
Su«i  S! 

Til 


WU  IMU 

SB  !8S 

Wk  I  k  k. 

I  ; 

%Z  it22 
£E!p£ 

I  I 


B-8 


APPENDIX  C 


SOURCE  LISTINGS  FOR  BCAS  DATA  REDUCTION  AND  ANALYSIS 

C-l  OPERATIONAL  PROCEDURES 

C-I.l  Procedure  to  Reduce  Data  Tapes 

C-l. 2  Procedure  to  Transfer  Data  Files  from  Prime  to  Scratch 
Tape  (PDATA) 

C-l. 3  Procedure  to  Input  Plot  Data  onto  KL-10. 

C-l. 4  Procedure  to  Run  Plot  Program  on  KL*10 

C-2  BCAS  Program  Source  Listings 

C-3  Program  BCASPL 

C-3.1  Initialization 

C-3. 2  Subroutine  One 

C-3. 3  Subroutine  Two 

C-3. 4  Subroutine  Three 

C-3. 5  Subroutine  Four 
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C-l.l  Procedure  to  Reduce  BCAS  Data  Tapes  and  Generate  Plot  Files 
on  Prime  550 

1  Mount  Magnetic  Tapes  on  Tape  Unit  0 

2  At  User  Terminal  Type  Underlined  Sections: 

3  Login  Yutkins 

Name:  Yutkins.  Password:  BCAS  Account  A1700B 

(Messages . ) 

4  OK,  Assign  MTO 
Device  MTO  Assigned 

5  OK,  SEG  *  BCAS 

BCAS  Program 

(Source  Program  Listing,  C-2.) 

Tape  on  unit  (0/1)?  0 

Enter  Tape  Label  -  FT- 4 
Do  you  Wish  a  Dump  of  the  Tape?  Yes 
Do  you  Want  Data  for  Plots?  Yes 

Enter  Max.  Number  of  Revolutions  to  Be  Examined.  2_ 

Enter  Any  Comments  (A40).  Test  Run 

100  Logical  Records 
4  Physical  Records 

Spool  FT-4  -  FTN  :  For  Tape  Dump  Listing 

File  DP-FT-4  :  Contains  Means  Plot  Data 

File  SS-FT-4  :  Contains  Sliding  Sum 

6  OK,  Spool  FT-4  -  FTN 
(Spool  Rev  18.1] 

PRT001  Spooled,  Records:  19,  Name  FT-4 


7  Rewind  and  Remove  Data  Tape. 


C-1.2  Procedure  to  Transfer  Data  Files  From  Prime  to  Scratch  Tape 


Ltmu; 


1  Mount  Scratch  Tape 

(System  Utility  Program) 

2  OK,  Magnet 
[Magnet  Rev.  18,1] 

Option:  Write 
MTU  »  «  fi 

MT  File  »  -  1 

Logical  Record  Size  ■  80 

Blocking  Factor  ■  1_ 

ASCII,  BCD,  Binary  ,  or  EBCDIC?  ASCII 
Input  File:  PD-FT-4 

Done..,  102  Physical  Records  Output  to  Tape 

3  OK,  Magnet 

[Magnet  Rev.  18,1] 

Option:  Write 

MTU  #  -  0 

Mt.  File  #  -__2 

Logical  Record  Size  »  256 

Blocking  Factor  *  1. 

ASCII,  BCD,  Binary,  or  EBCDIC?  ASCII 

Input  File:  SS-FT-4 

Done...  1434  Physical  Records  Output  to  Tape 

4  OK,  Unassign  MTg 
Device  Released. 

OK, 

5  Rewind  and  Remove  Scratch  Tape 


Yutkins  Logged  out  at  15:27  082081 


C-1.3  Procedure  to  Input  Plot  Data  Onto  KL-10 

1  Login 

2  Mount  MTA:  PDATA/REELljfl:  PDATA/VIO:  PDATA  9-TRK 

rfoo-Epi/ffT 

Request  Queued 

Waiting...  Two  C's  to  Exit 

PDATA  Mounted.  MTA012  Used 

(Load  Means  and  Variances  Data  File  to  Disk) 

3  R  TAPIN  (System  Utility  Program) 

lifput  Device:  PDATA 
Code:  ASCII 
CRLF  in  Input?  No 
[Block  Length  8 0  Bytes] 

Logical  Record  Length:  8£ 

Delete  Sequence  Numbers?  No 
Suppress  Trailing  Spaces?  Yes 

Output  Device:  DSK 

Output  Filename. Ext :  FT4 ,DMN 

[Copying.] 

[End  of  File] 

[Odd  Parity  is  Set.] 

[Block  Number  11)3] 

[102  Logical  Records,  102  Blocks  Read.] 

[  0  Soft  Read  Errors] 

[0  Hard  Read  Errors] 

More?  N 
Exit 

(Loads  Sliding  Sum  Data  File  to  Disk). 

4  R  TAPIN 

Input  Device:  PDATA 

[Input  Mag  Tape  Density:  800,  Rell  ID:  PDATA] 
Code:  ASCII 


CRLF  in  Input?  No 
[Block  Length  256  Bytes] 

Logical  Record  Length:  256 
Delete  Sequence  Numbers:  No 
Suppress  Trailing  Spaces?  Yes 

Output  Device:  DSK 

Output  Filename. Ext:  FT1.SUM 

[Copying*] 

[End  of  File] 

[Odd  Parity  is  Set] 

[Block  Number  1436] 

[1434  Logical  Records  1435  Block  Read.] 
[0  Soft  Read  Errors.] 

[fi  Hard  Read  Errors.] 

More?  No 

Exit 

o  Dismount  PDATA:  /R 
PDATA  Dismounted. 
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C-1.4  Procedure  to  Run  Plot  Program  on  KL-10 

(At  User  Terminal  Type  in  Underlined  Sections.) 

1  Lo«  3072.  S41 

Name:  YUTKINS  Password:  BCAS 

2  Mount  MTA:  16  /Reelid:  2267/Vid:  '2267  9-TRK 

800-BPI  */WL 

Request  Queued 
Waiting...  2  C's  to  Exit 
16  Mounted,  MTA012  Used 

3  Run  BCAS  PL 

Enter  Field  Tape  Number:  FT4 

(See  Program  BCASPL  Source  Listings  C-3.2-3.5) 
Plotting  Commencing 

End  of  DISSPLA  8.2  -  118997  Vectors  Generated  in  8 
Plot  Frames. 

End  of  Execution 
CPU  Time:  1:21:98 
Exit 

4  Rewind  16: 

5  Dismount  16:/R 
MTA012  Dismounted 

6  K/N  (Logout) 

7  Submit,  Plot  to  DEC-10  I/O  Window  for  Actual  Plotting 
on  Cal comp. 
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PROGRAM  BCAS 


•  nritten  by:  ricmarc  yutkins 

•  SYSTEM  DEVELOPMENT  COMP.  MAY  IS.  1»81 


UNSEAT  COMBLK 

URITEll.lOOO) 

1000  FORMATI/.3X. »BCAS  PROGRAM  WORK IN«. ..•«// ) 
CALL  INI TAL 
CALL  CONTAO 
10  CALL  RtIRCC 

IF (EOF)  CALL  OONC 
CALL  COKFCR 
CALL  PMORCC 
GO  TO  10 
CKO 


O 
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LABELED  COMMON  SLOCKS 


COMNON/ROD ATA/I A<64*  32)  «LRECtPREC»NAUX«AUX(25)  «M AXREV thUMRE V 

IA  -  ARRAY  CONT AININ6  CON VC  A  TEO  ANO  FORMATTED  OATA 
PRrC  -  PHYSICAL  RECORD  COUNTER 
LREC  -  LOGICAL  RECOO  COUNTER 

•  •  RAXREC  -  MAXINIUN  NUMBER  OF  REVOLUTIONS  TO  BE  PROCCESSEO 

••  NUMREC  -  NUMBER  OF  REVOLUTIONS  COUNTED 
AUX  -  OPTIONAL  OUTPUT  ARRAY 
NAUX  -  NUMBER  OF  AUX  ELEMENT  USEO 

« 

COMMON /TABLE /TAB <Q*2SS) 

TAB-  CONTAINS  REVERSEOBIT  LOOKUP  TABLE 

COMMON/ROAT  A/QKCRECC64 1 «RNUM  «USPC«bO IR  t ACP  tCPH AX  tCPR IN«CPM 

CNFREC  -  SINGLE  LOGICAL  RECORO  ARRAY  -  CONTAINING  THE  FOLLOWING  VARIABLES 

CP  -  CLOCK  PERIOO  COUNT  ARRAY 

RNUM  -  CONSECUTIVE  LOGICAL  RECORO  NUMBER 

bOIR  -  VINO  DIRECTION 

bSPQ  -  bINO  SPPEEO  CMPH> 

ACP  -  ACP  COUNT  SINCE  LAST  ARP 

CPMAX  -  MAXIMIUN  CLOCK  Period  PER  LOGICAL  RECORC 
CPMIN  minium  CLOCK  PERIod  per  logical  reeorc 
CPH  -  CLOCK  PERIOO  MEANS 
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COMMON/PRlNTO/FIRSTR.OFLAG. LOPT  .EOF.RECYLC.FFLAG <HFL  AG 


DPLAG  -  LOGICAL  OPTIONAL  DUMP  .TRUE. 
FIRSTR  -  FIRST  RECORD  FLAG 


HFLAC  -  LOGICAL  TOP  OP  PAGE  HEADING  FLAG 
RCCYLC  -  LOGICAL  FLAG  TRUE*  ACP  COUNT  RCCYCtEO 

false*  sane  revolution 

LCPT  •  LOGICAL  FLAG  TRUE*  CALL  TO  SUB  OPTION 
PFLA6  *  LOGICAL  FLA6  TRUE*  CALLS  SUB  PLTCHP 
EOF  -  ENO-OF-F1LE  FLAG 


COPPON/TAPE/TAPIO»CSY,~ENT 
TAPIO  -  TAPE  ID  SUPPLY  GY  USER 

COMMENT  -  AO  CHAM  Alt  A  tXKIk't  CONTAINING  USERS  TAPE  COHHENT 

COMMON /VAR  I BU/O ACP .PR INfLiYJ 
COMMON  eUFf  d02A).  Ill'Ll  T 

BUFF  ONE  PHYISCAL  UNFORMATTED  RECORO 
INTEGER-*  BUFFER  <32  <3*> 

INTEGCR-A  PREC.NAXREV.NUNRFV.LREC 
INTEGER-*  ONEREC.CP«SA> 

INTEGCR-A  NAUR 

INTEGER -A  RNUN.WSPC.WOIR.ACP.CPHAX.CPNrN.CFP.AUX 

INTEGCR-A  PRINTL 

INTE6ER -A  0  ACP 

INTEGER-*  BUFF.TAB. IUNIT 

REAL  XCPM 

CHARACTER-AO  COMPENT 
CHAR ACTER- 15  TAPID 


EQUIVALENCE  (QNCRECdl-CPd  n 
EQUIVALENCE  LBUFFd  I  .BUFFER  d.  1 1 1 


LOGICAL  COF.FIRSTR.LOPT.OFLAG.ACCTLC.PFLAG.MFLAC 
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SUEROUT I NC  CCNTA8 
40  LIST 

(INSERT  COHBLK 
LIST 


function:  create  lookup  table  for  reversed  byte  conversion 
inputs:  cgnpon  slock 
cutputs:  coppon  block 
called  froh:  nain 

CALLS  TC  :  KCNE 


C  ROUTINE  TO  CREATE  LOOKUP  TABLE  FOR  REVERSE  BIT  CONVERSIONS 
INTEGERS  PL  C  8  >  tilt NUP 
C 

OATA  Py/7,L, !,♦,!, 2,1,0/ 

CO  20  1>0.2!9 
NUN*I 

00  10  Jsl.R 

IlsAN0(NUN«<2**IU-l>M 
IF(It.EC.O)  60  TC  10 
TAeitl*TAB(II«2*»PL{U> 

10  CONTINUE 
20  CONTINUE 
C  LR ITC < 1 *2000  I 

C2000  F0RNAT</t3X. 'LOOK-UP  TABLE  CONPLCTEO**/) 

RETURN 

CKO 


C-ll 


•  «  •  »  uu 


SUBROUTINE  RCRCC 


NO  LIST 

SINSCRT  COHBLK 
LIST 


INTE6ER*2  ALT 
N*1024 

ASFI6N  TS  TO  ALT 

CALL  ISBHOS(O.SUFF'ft.O) 

CALL  RCAOA 

PREC*PREC*1 
EOF*. FALSE. 

bRIT£<lt33>  BUFF 
33  FORMAT ( 128 ( /.8( I6.3X  )  )  > 
RETURN 

•••  ENO-OF-FILE 

T!  CONTINUE 

• 

EOF*. TRUE. 

UR1TEO  .2001 ) 

2661  FOR NAT </ .31 i 'EnC-OF-FILE • «/ J 

• 

RETURN 

ENO 


SUBROUTINE  CONFOR 

• 

NO  LIST 

(INSERT  CONSLK 
LITT 

•  FUNCTION:  ROUTINE  TO  CONVERT  REVCRSEQ  BIT  TO  FORMATTED  ARRAY 

•  inputs:  cgnnon  block 

•  outputs:  common  block 


CALEB  from:  main 


■CALLS  to:  none 


INT£«ER*2  HSK.I1.I2 
FAS*  LOWER  O-BITS 
MSKS2SS 

•••  K  -  RCCCRQS  «  IKCEX 
00  90  K*1.32 
L«1 

•••  J  -  UORO  1N0EX 
00  40  J*l«32 
HIRST  HALF 

ii*rs< suffer 

IA(L«K)>TAB<I1) 

L*L*l 

SCCONO  HALF 

• 

12 • AND (BUFFER (J.K) *HSK) 
IA(L«K)*TAB(X2) 

L«L*1 

• 

40  CONTINUE 

90  CONTINUE 
•••  RETURN 
RETURN 
ENO 


SUBROUTINE  PROREC 
NO  LIST 

S  USER!  COPBLK 
LIST 


•  function:  sets  up  sinole  recoro  ARRAY  OPTION  OUPP 
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CALCULATE  MEANS  AN?  FINO  MAX.  ANC  MIN. 

CP  VALUES  PER  LCGICAL  RCCORC 

inputs:  common  slocks 

cutputs:  COMMON  slocks 

calleo  pron:  main 

CALLS  to:  optional  ouhp 

CALS  rcutine  optional  calcaluatioa  roltie 


INTE6ER»2  MLLTC 3) . IACP . IRNM 
LOGICAL  LASTR.EOR 
OATA  MULT/100.10,1/ 


...  I.  LOGICAL  RECCRO  COUNTER  INCEX 

. 

00  SO  131.02 

. 

CP"AXsO 

CPMlNs«*«9S 

. 

cPMsa 

LPEC*LREC*1 

XCPMM.O 

. 

...  js  BVTC  COUNTER 
« 

CO  10  J*l»6A 
CNERCCf J)3IA( J, 11 

. 

•••  CALOLATE  MEANS*  FIKO  MIN.  MAX.  CP  VALUES 

. 

IP ( J.GT .54 )  60  TO  10 

* 

CPHAX3MAX0  <  CNERECIJ) .CPMAXI 
CPM IN>M INO  ( CNCREClUl .CPMIN1 

. 

XCPM*XCPM*ONERECCJ> 

10  CONTINUE 


CPNs(XCPM/34. 01*0.5 

WSPOxO 

WOIR.O 
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CALCULATE  LINO  speed  AND  direction 


oo  20  «n , j 

N0IR*W01R* tONER£C<96*K)«MULT (K 1 ) 

LSPD*USPC*  <CNER£Cf9**K)  «FULT  <K  )  ) 
20  CONTINUE 

•••  PINO  CONSECUTIVE  RUN  » 


C  IRNH*L$(0NER£C<5«>,8> 

RNUHsOR  ( IR  NM  .ONEREC (  96  )  ) 

c  •••  ACP  COUNT  SINCE  LAST  ARP 

IACP*LS<ONERECf GDI'S) 

C  ACP* OR ( IACP«CNERCC(6*) I 


•••  INITIALIZE  CACP  ON  FIRST  RECCRO 
CACP  *  PREVIOS  ACP  VALUE 

* 

IFt.NOT.FIRSTR)  GO  TO  29 
FIRSTRs.FALSE. 

CACP*AV9A 

29  CONTINUE 

• 

•••  CHECK  FOR  ACP  RECYCLE 
SET  HFLAG 

• 

HFLAG*. FALSE. 

IF  tO ACP .6£ . ACP)  HFLAG3.TRUE. 

RECYLE*. FALSE. 

IFtOACP.GE.ACPI  RECYLE*. TRUE. 

• 

•••  INCREMENT  NUHREV  FOR  EACH  ACP  RESTART 

•  •••  SET  LASTR  TO  TRUE  WHEN  NUHREV  EQUALS  RAX  REV 

• 

EOR*. FALSE. 

LASTR*. FALSE. 

IFt. NOT. RECYLE)  GO  TO  30 
EOR*. TRUE. 

NUHREV* NUHREV*! 

IFtNUHREV.GT .MAXPEV)  LASTR*. TRUE. 

30  CONTINUE 

• 

CALL  OPTION 
AO  CONTINUr 

IF (LASTR )  GO  TO  A2 


SET  UP  PRINTL  LINE 


C-1S 


i 


PRINTL(l>=PNUP 
~  PR INTL (2>3U0 IR 

PR INTL ( 3 ) ahSFO 
PRINTLC4>*ACP 
C-  PRINTL<9»*CPP 

PRINTH6)*CPPAx 

PRINTL(7>sCFPtN 

c  • 

•••  CHECK  DUMP  FLAG 
• 

c  IF  l  .NOT .OFL  AG )  GC  TO  42 

CALL  OUPP 
42  CONTINUE 

• 

•**  CHECK  PLOT  CUPP  FLAG 


1F(.N0T.PFLAG>  GO  TO  46 

IF<. NOT. EOR. OR. NUMREV.EQ.il  GO  TO  4S 

HFLA6*. FALSE. 

CALL  PLTOMP 
hf lRO*.tru*. 

49  CONTINUE 

IF (LASTR t  HFLAGs.PALSE. 

CALL  PLTONP 
46  CONTINUE 

• 

•  SET  OACP  ECUAL  TO  ACP 


CACP«ACP 

•  ••  IF  LASTR  TRUE  THEN  ALL  DONE 

IFCLASTR)  CALL  DONE 

SO  CONTINUE 


RETURN 

RETURN 

ENO 


SUBROUTINE  OUPP 
NO  LIST 

S INSERT  COPSLK 
LI?T 


•  function:  print  a  SINGLE  forpatted  RECGRC 


C-16 


r 


inputs:  common  BLOCK 
outputs:  LPT 
CALLEO  fork:  prcrec 
CALLS  TO  :  NCNC 


•••  CHECK  HEA0IN6  FLA6 
• 

IF(.NOT.HFLAG)  00  TO  20 
WRITE <10 ,2000)  TAP  10  *NUMREV  «  COMMENT 
20  CONTINUE 

• 

WRITE UO *20 01 I  (FRINTL(II)*!I=1«7> 

•••  FORMATS  •••««• 

2000  FORMAT(/,lhl,/,20X,'TAPE  ICS  »»A15. 

A//. 20*, 'REVOLUTION  NUMBER  • • 17  * //,20X, A 40  * 
e//*10X*'RECCRO',4X*«UlNO',«X*'UINO', 

IAX«* AC P*«7X, 'CLOCK  PERIOO  COUNT',/, 

A10X, 'NUMBER', AX, '0IRCCTI0N'«1X,'SP££0'* 
2!X, 'COUNT' ,/,20X,'(0E6REES>', IX, • IMPH» * , 
313X,' (MEANS) *,3X,' (MAX. >',4X,' (MIN.)*/) 

• 

2001  FORMAT(10X,lt,SX,I3,8X,I3,4(3X,IS)) 

•••RETURN 

RETURN 

ENO 


SUBROUTINE  IN1TAL 


NO  LIST 
A  INSERT  COMBLK 
LIST 


function:  initialize  counters  open  tape  unit 
inputs:  common  6locks 

outputs:  common  blocks 

called  from:  main 


C-17 


•  o 


CALLS  TO?  NCNE 


INTEGER'S  ALT 

CHARACTL ft*l!  FNXNE .PFILE .SF HE 
CHARACTER**  FILE  , 

LOGICAL**  FILEF 

• 

SET  RECORD  COUNTERS  TO  2ERO 

• 

LRCC30 

PRECaO 

AAUXsO 

HAXRCVsO 

NUNREVsO 


CO  2  tm,l3 
AUX (11)30 
2  CONTINUE 


•••  SET  FLA6  DEFAULTS 
• 

CFLAGa.TRUE. 

LOFTs. TRUE. 

FIRSTRs.TRUE . 

FFLAOs.TRUE. 

•••  CFFN  NTO 

CALL  CSR05U. OUR. 0.01 
CALL  INIT 

«*•  REutNO  TAPE  ORIVE 

I0RlVE*IUNIT*21 

* 

REWIND  IORIVE 

•**  ENTER  TAPE  LABEL 
• 

■  CONTINUE 

WAITEU.2003) 

2003  FQRHATL//.JX. ’ENTER  TAPE  LABEL • . /. I OXJ 
AEAOt 1.1000  I  TAPIC 

• 

FNXNEsTAPIO 

PFILE**B0_  *//F*»*NE ( l : 1 2  > 
SFILE**SS_,//FNAPE<i:i2» 

• 

•••  REQUEST  TAPE  DUFF  REPLY 
* 

WRITE! 1*200) 


C-1S 


READU.IOO)  IRELY 


IFflRCLY.EQ.lHY)  60  TO  10 
oflag®. false. 
to  TO  15 
10  CONTINUE 

•••  CHCCK  IF  OATA  OUPP  FILE  KANE  ALREAOLY  EXIST 

INQUIRE IFILE*FNAHC  »EXI ST=F ILEF) 

IF(FILEF)  SC  TO  70 

•••  OPEN  OISK  OUTPUT  FILE 

CPENI10  *FILEaFN ARC (STATUS: 'NCU' (ACCESS® 'SEQUENT 1AL 
ARCCL*IJ2.CRR=7S> 

•••  REQUEST  PLOT  OATA  DUMP 
« 

15  CONTINUE 

NR ITEtl *201 ) 

REA0I1 *100 >  JREPLY 

• 

IFIJRCPLY.EO.IHY)  60  TO  20 
PPLAG®. FALSE. 

60  TO  25 
20  CONTINUE 

• 

••••  CHCCK  IF  PLOT  OATA  FILENAME  ALRCAOY  EXIST 
INQUIRE CF ILE=PFILE.EXIST=FILEF» 

IF  CFILEF  >  60  TO  70' 

•••  OPEN  OISK  FILE  FOR  PLOT  OATA  OUTPUT 

OPEN! 1 1 (FILE ®PFILEt ST ATUSa'NEN'* ACCESS: 'SEQUENTIAL 
ARECL»2SA.ERRs75) 


•••  CHCCK  IF  SLICE.SUN  OATA  FILNAHE  ALREADY  EXIST 
INQUIRE  IF ILE ASF ILC  .EXI S TaF  I LEF  > 

IFIFILEF1  60  TO  70 

«•  OPEN  OISK  FILE  FOR  SLIOING  SUN  OATA 

CPEN(13*FILEaSF  ILC. STATUS® *AE«», ACCESS: 'SEQUENT  I AL 
A RE CL =80 »ERR*75 ) 


2S  CONTINUE 

•  ••  ENTER  MAX.  NUMBER  Of  RECORDS  TO  BE  PROCCCSSED 

NRITC0.2004) 

RCAOO. 102)  MAXREV 

ENTER  ANT  COMMENTS 

NRITCU.2003) 

REAOO.103)  COMMENT 


•••  RETURN 
RETURN 

•••  ERROR  IN  OPEN 
TO  CONTINUE 

• 

UP 1TE( 1 *2006)  FNAME 
00  TO  5 
T«  CONTINUE 

• 

PRINT  1001 

« 

RETURN 

XOO  FORMAT  CA1 ) 

102  FORMAT  ONI 

103  FORMAT ( A40 1 

200  FORMAT (/ .3X*  *00  YOU  NISH  A  DUMP  OF  THE  TAPE  •> 

201  FORMAT!/, 3X.«00  YOU  WANT  OATA  FOR  PLOTS  •» 

1000  FORMAT  I A15  > 

1001  FORMAT 4/ »3X» •ERROR  IN  OPENING  F ILE* «/) 

2000  F0RHATI/.3X, ’ENTER  MAX  NUMBER  OF  REVOLUTIONS  TO  EC  EXAMINCC  •) 
200*  FORMAT I/.3X, ’ENTER  ANY  COMMENTS  IA40)  •> 

2000  FORMAT!/. 3X, ’FILE  ’.A1S,’  ALRCAOLY  EXIST*) 

ENO 


SUBROUTINE  OCNC 

NO  LIST 
SINSERT  COHBLK 


LIST 

FUNCTION:  TERMINATE  RAIN 


C-20 


inputs:  common  slocks 
outputs:  ttt 
called  prom:  main 
CALLS  to:  NONE 


bRITEIl.1000)  LREC.PREC 
LUN IT* I UN IT *21 
RE  U I  NO  NUNIT 

IFt.NOT.CFLAGl  SC  TO  2S 
bRITC!l .2000 1  TAPIO 
CL03E!UNIT«10> 

2*  CONTINUE 

IF!.N0T.PFLA6>  SC  TO  SO 
WR 1TE!1 .2001 1  TAPIO* TAP  10 
CLOSE (UNIT* 11) 

CLOSE !UL1T* 13) 

90  CONTINUE 
CALL  CXIT 

1000  FORMAT!//. 3X.IA,*  L06ICAL  RECORDS*./, 

13X,It.*  PHTISCAL  RECOROS*.//) 

2000  FORMAT!/. 3X.*SP00L  *.AI5.*  -FTN  IFOR  TAPE  CUPP  LISTINS*) 

2001  FORMAT (/ .3 X « 'FILE  P0_*.A15.*  CONTAINS  MEAN  PLOT  DATA*./. 
A3X, *FILE  SS_*.A19.«  CONTAINS  SLI0IN6  SUM  PLOT  OATA*.//> 

CNO 


SUBROUTINE  PLTOMP 

• 

NO  LIST 

SINSERT  COHBLN 
LIST 

•  function:  OPTIONAL  CALL  OUMPS  DATA  INTO  C1SK  FILE  LOGICAL  R  11 

•  INPUTS:  COMMON  SLOCKS 

•  outputs:  cisk  file  losical  •  u 

•  CALLEO  FROM:  PROREC 


CALLS  TO  :  NONE 


ICYCLEa-llll 

•  I  F  Wits  TRUE  WRITE  HE  ACER  INFO 

IF(.MOT.HFLAG)  SC  TO  10 

WRITE <11.10 00)  NUMRCV.TAPIO. COMMENT 

RETURN 

• 

•••  IF  HECTIC  TRUE  WRITE  ENO-OF  -CYCLE  ORTA 
10  CONTINUE 

IFt.NOT.RECTLF)  60  TO  20 

WRITE  Cl 1*2001)  ICYCLE.(AUX(KK).KKsl«NAUX> 

RETURN 

•••  WRITE  DATA  RECORD 
• 

20  CONTINUE 

WRITC<11.20011<RRINTL(J1).U1>1*T1.<AUX<L->»LOS1.NAUX1 

RETURN 

• 

FORMATS  •••••* 

• 

2000  FORMAT (IX .I7.A13.AAfl) 

2601  F0RHAT(20(1X.I7)> 

ENO 
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•  ••  •  •  •  • 


C-3  HOMM  KI5W 

•  bsxttbb  n<  ucanc  towns 

•  jinn  utuoiint  coip.  bat  is,  mi 


C-3,1  ninimi  nowi 

CALI  «BBV(*1«*,»C ALCOBB*) 


Ml  OBBS  nit  VXLBS 
au  man 


m  mo  zi  aim  block  vkbxbblb 
CALL  BOCOB 


H  1XAD  BATA  T1U  ft  CTO  10  AUAX  ABB  CALL  BLOT  BOOXTBK 

CALL  BSAB1X 

CALL  BBAS3L 

•«*  CIO  SB  BIT  1C  IS 

« 

CALL  Bonn 

CLO  SH01XT- 20) 

CL0SH01IT-21) 

ibb  no  1« 

CALL  BBZT 

no 

SBBBOOTZSB  FXLQfB 

IMIMIMMMMMMWtIMMMMWtMMNMIMIMMMtMIM 

•  roicTZois  osti  nnr  txilb  tabs  bobbbb  bootzbb 

•  OBBB  COBlBBOBOXIO  DATA  mu. 

•  nrmst  to 

•  OBTBOTSx  TO 

•  CAL  IBB  nOlt  BAZB 

•  CALAIS  TO:  BOII 


ooo  «ti  me  is  ioi  amt.  sms 


XfTMIt  mt1»),KU2(}) 


noitunci  oxiiKi)  .xn> 
soaxviLiacx  oxi>2(D ,xaa) 

IQ  0  IT  allies  0X111(1)  ,11X11) 

SQOimna  oxiixn)  ,>ixui 

UU  IX1I1/3I  ,31  ,  CHI/ 

nn  1X112/51  ,si  .  sai/ 

s  antxiai 

•••  keen  ring  tivi  non 

Tt»t  200 
seem  193,  Ilf 
XII-XII 

w*  orn  nn  un  rxu  bixx  •  20 

orn  (Ovxr-29,  di vies- •  osn  ,iccsss- •siqxi*  ,  rxii-arxii, 
1 B1C0IBSXXI-2  S«  ,  ■  U  -3  0) 

•••  ovta  sxixn  soi  nn  nu  raxx  •  21 

oni  (oixt-21  ,  oiaica- • gsa»  ,acciss-  'sioxi*  ,rxia-svxii, 

1IIC0BB3X 11-40 . 111-90 ) 

mm 

99  coatxioi 


moi  xi  orn 

nn  29i,  xn 
90  YO  3 

«*•  SOI  UTS 

109  rot  BIT  (15) 

209  rotoiT (/, 3x , •  mil  nn.8  Tin  inui  •,$> 
201  ro>iiT(/,2x,'Tirx  loma  «,as,  'icy  rauai*) 

no 
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03.2»wwmii  kwii 

XXCLOOX  •COBBIR/SCLIST* 

•  mmois  not  tat  axaa,aax(  no  axa  clock  rmoo  coma 

•  axoae  ana  atao  stato  in  nao  oiaxctxoa 

•  xaxerss  coins  ateci 

•  ootMTSt  norm 

•  aun  vacs:  aunt 

•  calls  to*  aoax 


lira  eat  maatiao) 


•**  XBXTXAL1Z1  111X1  CIX 

call  aeattrartoTt 

« 

«•  a ht  lxttzxxxg  sttu 

« 

cm  txxrtx 
cm  aisaircstiaoM 
cm  axnxp(«i/cst«) 


«•  sxt  xaox  sxsx  to  n.  at  a.s  no  not  axxa  to  a.o  at  s.s 

cm  msot  (2.75.1.01 
cm  taextii..8.3) 

CALL  TXtLXCO.  .0.,U11IB.100,0,0,#..5.5) 

* 

♦**  SXT  RTtl  TXCXS  HI  STXI  CX  1-1*13  XXTXeXXXSX  ALL  T  -AXIS 

•••  aoaixaxxc  aoaxzoatiL 
• 

CALL  STlcaSIS) 

CALL  TTICXSC51 
CALL  IA1AB6  (0.01 
CALL  XXTAXS 

• 

sxt  exact  aaxcxx  to  o.o  abo  sat  scalxbo  xabasktbis 
call  ex  act  (0.0) 
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cm  6117 


M«  gui  1  61X0  1X11  XT  11 7  0T1M  St  IT  XI  Til  X  BH1CTI01 
c  cut  61X0  (-2»0) 

ciiki  to  oortxo  im  ifloi* .  oiii  61X0  ixii  tint  mi  xi  x  on. 

Clll  DOT 
Cllt  61X011.61 
dU  •*S*T(,0OT,t 


•••• 


«**  SIT  T-1XXS  SC111  fOI  1C1  C001T  PLOTS 

Clll  X611XS  (COST  .CPSTP.CTIT.  5.  5 .CHUB .1 06 #0. 0.0.  0) 

««•  mi  im  or  iiiatoTxai  tin 

cm  BlTlCtO.  .11111.7  s.  O.mil.O) 

•««  sr  HX6R  or  coin  innis 

dll  B1I6RI0.0?) 


««•  PLOT  emu  cnix, cnxi 

@  Clll  CVlTKtl.Cfllll.lft.S) 

dii  caiTKti.criM.iR.S) 
ciii  c«iTi(ii.cr»i,iR,S) 

»**  not  touts  ixio  sirs 

CM  MB  HR  BOB! 

dll  CllOCT 


Clll  com fl*. mo, 1R.J5) 
h*  not  mo  Diiictici  etuis 

CM  Ml  1X11  1001 
dll  C110SI 

dll  CUTS  ( 11. ieXl.lR.2S) 


••• 


non  uxor 

dll  IISRCllSaRM 

SBXR  X-OU6I1  SICS  1.5  X1CIM  TO  0111  SSCC10MT 
HUS  TO!  1X10  SfllD 
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•  •  t I  t  «•• 


eui  isairr  f-o.8.0.0) 

IU!  TICK  IUU  I  TUT  S  STM 
cut  TTICBS  (5) 

sr  isa  i-ixzs  scune  ros  tzas  srtzo 

CZlt  ISA  1X3  (SSSTt  I53TP,  BSST, 5.  5 .131  US  ,1 00,0.9*  0.  0) 

sain  x-ius  sack  to  -2.0  xacais  roa  azao  dxbectzob  axis 

CALL  BSBZTTf-I.C.0.0) 

SR  TXCBS  BABB  ZT1BT  9  RIBS 
CALL  TTXCXS  (9) 

SR  BBB  T-AXX3  SCAtZBO  ZOZ  BZBB  DXBZCTlOB 

CAtt  T0BA1S  (BDST#  BDSTP ,  10  Bt ,  5.  3 , BOA tAB ,1 00  ,0  •  Or 0.  0) 

fACB  tZBBS  FOB  1BGZBD 

J«tZBBST  (XPCB  A I ,  «0. 10) 

IF  (J.  LT.  5)  TMB  22.  J 

FOB  BAT  I*  tBfiBBO  ZBBOB  J-  *,ZB) 


fACB  tZBBS 

CAtt  tZBBS ( 'BBABS  CPS'.XPBBAT.I) 
CAtt  tZBBS  {  'BAX.  CPS' .ZFEJAT.2) 
CAtt  tZBBS ('BIB.  CPS* .ZBKBAT.3) 
CAtt  tlHSCUBt  SP0S*.  1PUAT.B) 

CAtt  tinscBzao  szbs'.xpbbat.S) 


PZBB  BIBC ft  ABO  BZOTfl  OP  MOBBC  ASIA 

ZBZ  ZLBOBD  IZPKB  A  T,  S) 

TBOT-TtBCBD  (ZPBBAT.S) 

PXBO  COB DIB AT IS  op  tSGBBO 

XtC"0.0«1.6-XBID 
nc«(.  5-IBCT-.  5 


« 


SBAB  tXCIBO 

CAtt  tBOZBD  (ZPBBAT.S, ZtC.0.0) 
DBAS  tSCZBOS 

CAtt  anSIQ(BBSS1,100,0.0,7.0) 
CAtt  BBSSA8(BBSS2, 100,0.0,0. 5) 
CAtt  BBSSAO (BBSS! , 100,0.0,6.0) 
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BID-Of-fLOT 


•••  :  *  s?  01  a 

exit  B1DFI  (0) 

irrna 

no 

C-3.3  MWOWlll  HWIC 

ZaClDBl  'QOXXM/IQMST* 

•  poacrioi:  riot  ncuci  no  am  o>  iitolotzci 

•  zxfors:  co  a  bo  a  ltccx 

•  onirni  plottii 

•  cat  no  neat  ii  a  pit 

•  C11U  TO:  BOlt 

(MMMttMMttMMMMttMttMtMtItMMUMMtM****************** 

rarasn  maimo) 


•«4  zazTxatzzi  taut  oaa 
can  atmimaTi 

« 

an  tartan  n  mu 
can  TaiPtx 

can  aaaat?  ('STaioM 
can  iziatPi't/caiM 

* 

•m  sat  xaxa  szix  to  ii.  at  a. 5  an  not  aaia  to  a.o  at  5.5 
• 

can  >8130112.79,1.01 
can  >a«i(ii*.«.S) 

can  tznaio. nans, ioo,o.o^., 5.5) 

* 

«*•  sat  asraa  tzcas  fax  stxv  ex  x-axzs  ixtaoiazza  au  r  -axzs 
aoxaaazie  xoixioatat 

can  ztzcas(9) 

Cat!  TTZCU  (5) 
can  taiaaa(o.Q) 
can  zx ii  u 

an  oaacx  aaaxza  jo  o.o  tax  sat  scatzao  fait  antis 
can  oxacz(o.oi 

can  «x a>  aasT.  tasty, uat .pass v, via st» , iaaa»i 


saaa  a  xazo  tin  arzaz  otiza  stay  za  tax  z  azaaetzox 
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•  •  • 


c 


Clil  6XZ0  f-2.  0) 

C8H6I  to  oortio  un  acai.  out  aixo  mi  um  stir  to  x  on.. 


cm  oot 
cm  stioo.o) 
cm  nsrcdotm 


SR  t-llXS  SCIU  lot  1C>  C00R  PLOTS 

CltL  TGP11S  fVAIST.TllSTO.TAllf ,5.  5,  f  A1HB, 100,0.9,0. 0) 
Dili  SKIS  OP  BtfOLOTXOB  till 

cm  ILTZCfO.  .111  IS. 75.  0,11111,0) 

sr  susit  op  com  sums 

cm  aisfiRTO.aty 

PLOT  TlillSCl 

cm  caovKu.vii.sR.i) 

HSR  meat 

cm  BBSRCBBXfiHTM 


0110  SBS1CXSS 

cm  IBSSIGTHBSSI  ,100,0.0,7.0) 
cm  sessio(scss2,ioo^.o,«.S) 
au  iissieniss3,ioa,o.o.6.  o) 


**•  no-op- PLOT 

•«  IRON 

« 

CALL  IIBBL(O) 

IRON 

no 

C-3.4  sqbpootxn  nmx 

IPClOtl  • COBOL*/ lot 1ST* 

•  pop ct ioi:  oniPi  csmxxci  pics  tpz  ichxbil 

•  SOS  CLOCK  POL SB  >00810  PfOB  1  TO  «Q9« 
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9 


•  •  • 


Ilims  COB 80 1  BLOCK 


outputs:  plcttbi 
callbo  nca:  inm 

CALLS  TO:  I0SI 


irbsxb  XKiiti«o) 


XBXTXALZZB  um  CIS 
CALL  B6BPL1BBL0T1 
SR  LRT1BX1G  SITU 

• 

CALL  TBXTUC 

CALL  BASALT  t' STABS') 

CALL  BXXALT  CL/CST* ) 

• 

SR  PASS  SI XI  TO  11.  ST  6.S  ABB  BLOT  ABBA  TO  8.9  BT  5.$ 

• 

CALL  BBTf  112.79,1.01 
CALL  BACa.  11.  ,8.91 

CALL  TXtLX(Q.,0.,UALAB.100,0,0,a.,S.S) 

• 

•**  SIT  1XT1A  TICKS  TIB  STBB  CB  X-AXX3  XRB6BBXZB  ALL  X  “AXIS 
RBBBBXM  BOBXZOITAL 

• 

CALL  RXCS3  (91 
CALL  RICKS  (9) 

CALL  TAKA BS  (0.0) 

CALL  XBTAXS 

* 

•»*  SR  8BACX  8ABCIB  TO  0.9  ABO  SXT  SCALXB6  BA  B1  BBT  BAS 
CALL  SBACB(O.O) 

CALL  81 AP (LAST ,  LISTP,  LB  IT  ,3CTS1 , 3CB  STB  ,  SCTBT) 

« 

DBAS  A  SB  10  LXBB  IT  BBT  0TB  KB  RSB  XB  TBB  X  DXBSCTXQB 
C  CALL  SBXDC2.0) 

M(  CBABOB  TO  OORBB  LXBB  BOOK.  .  OSAB  6BXB  LXBB  IT  BBT  STBB  IB  X  OZB. 

• 

CALL  OOT 
CALL  OBXOn.O) 

CALL  BBSR('OOT') 


SR  T“ AXIS  SCALI  BOB  -B  COOR  BLOTS 
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* 

C1U  TSliXS  (3C>3T,3CP3TP,3CPIT,5.  J.KfUB,  100,0.0,0.  9> 

m  bui  miiiu  »n  or  ttfoinxci  coate 
call  cniTt(L«,sciii.«rr.o> 

•*  sr  Mica?  or  coon  baobabs 
cm  aai6R(o.07i 

•**  PLOT  so  I  or  TBt  cxocx  polsss 

CLLL  C0BTI<U,3C?,SPT,- 1) 

**  BSSR  BBXBBt 

CALL  BBSRfHBXOBTM 


W*  DBA  a  BBSS  BBSS 

CALL  BBSSACfHB3Sl,1Q0.O.0,7.0) 

CALL  BBSSAa(BBSS2,tOO.O.O.*.S) 

CALL  SSSSie(BB3S3,1OO,O.O,&.0> 

• 

•**  HD-OP- PLOT 

inni 

CALL  BBBBl  (01 

1RBBI 

„  nD 

C-3.5  SOB  BOOT  IBB  PLTX7 

I1CL0DI  •COBBLI/BCLZST* 

• 

•  mcTXOBt  riots  stxoxao  sob  data  sic  ops  T3  acb  ioaasa« 

•  xorors*  cos bob  block 

• 

•  ootrotst  PLottst 

•  CALLSS  riOB:  B BASIL 

• 

•  CALLS  TO;  S0BB 

XRIflll  XPKBAt  (200) 

XBXTXALXZI  UIIL  CIS 

« 

CALL  MOPL(BPLOT) 

■ 
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it  tit  lit  999  •  iitniii  tit  •*§•  lit  it 


•*  SIT  LXTTIIXM  Still 

cm  mm 

CALL  BISILFI'STIIC*) 

cm  uxuri'L/csiM 

M  SIT  9181  SI  XX  TO  11.  IT  1.9  111  HOT  till  TO  1.0  IT  5.5 

cut  981301(2.75.1.01 

CHI  9161  111.  .1.5) 

C1U  TZTtMO.  .0..1C9L1B. 100.0. 1.I..S.S) 

*•  SIT  IRII  TIC  IS  911  STIt  Cl  X-IXXS  XRMIIXZS  1U  I  -1X13 

m  loimzaa  aoixzaitit 

cut  RXCtS  (0) 

Cllt  RICKS  (5) 

Cltt  11X118(0.0) 

cm  ziTixs 

M>  SIT  8I1CI  1116X1  10  0.0  -111  SIT  SCI  LX  18  91UI8TIIS 
Cltt  8110(0.0) 

Cltt  6119 (lC9ST.lC9ST9.1C91t.CSC3f. CSC ST9.CSCSY) 


—  mu  i  a zd  tzix  inxr  arm  stii  ZI  Til  z  anxcrzoi 
Cltl  08ID  1-2.0) 

M  CUM  I  TO  DOTT1D  LZU  8C0I.  .  0111  88Z0  tZIl  XTXXT  ST19  ZI  Z  0X1. 

Cltt  DOT 
Cltt  68X0(1.0) 

Cltt  BI3KCD0TM 


Ml 

Ml 

M  SIT  I- ms  SCltl  108  1C9  COO  IT  910TS 

Cltt  T611IS  (C3C3V.CSC3XI.C3C  IT.  5.  5.C3CUB.  100,0.0.0.  0) 

M  CtllB  X9881T  188  RID  108181  Of  iXIH 

J-L3BBST  (X9mt.200,25) 

ZF  (J.LT.6)  TIM  23.  J 
22  FOBIltC  UOIBB  I  It  01  J-  »,XB) 


«•  0818  conn 

DO  33  8-1.0 

zim-iiTsm/o 

n>i 

•  • 

Ml  SIT  8IZ0IT  09  com  11*1X83 
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* 

can  IIXQIX  (0.  07) 

•••  PLOT  SBOOP  SOBS 

can  stbp 

can  cob* a  me*  n  4)«csc(i.i) ,  ipts  tx»  ,xaiii) 

«**  BBS  IT  BBX6IT 

Can  BBSRCBBX6BXM 
can  Baxev(O.iO) 

«•  *ac*  usss  xb  axens 

can  ixBBStseso0P(i.x),xfnii«BD 

39  COBTXBUB 

HOT  sax.  IBS  BXB.  POXBIS  110 

XICIBISB  81 BIBB  SXZZ 

can  BBioariO.  i«i 

can  caavi(Baxx.aaxi.«,-i) 
can  cnvi<BXBi,axiY,c.-i) 

M*  BBSBT  BBXGBT 

can  BBSR(*B1X6BTM 
can  aixeaT(O.iO) 


flex  1BSXBB  XBPO  BIX  IBB  BXB 

can  ixBxs i * bixxbxob  Tiuit’,XfniT,7) 
can  ubbsc'bxbxbxbb  moiiMiiBaT.i) 


* 


**• 

*•# 

« 

« 


MU  BBSBT  f'8!X6M*t 

PX10  881881  IBS  BXOTB  OB  UOIBB  1BX1 

XBIB-X1.86X0  (XfKBlT#0) 
xaeT-tixaao  riPKBar.8) 

PXBO  COBOXBBTXS  Of  LIS BID 

xic-e.o-iBio 

nC«0.S*IB8T-.9 

oaaa  lmxbs 

can  ixcBis  (Ipbbit.  8,n,c,*.o> 
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Dill  Till  IS, HIT  •  C0IUR5II 

Ctll  113316  (1 1331  atOQ  ,0.0#?.  0) 
C1X1  ■13316(11332.100,0.0,6.3) 
C1L1  113316(11333,100,0.0,6.0) 


iio-or-nor 

uroii 

CUl  tlDlt(O) 

mm 

no 
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i 


